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N a period of nineteen years, during 
which time 10,459 cases of malignant 
disease were admitted to the Insti- 
tute for study, we have been impressed with 
the relative infrequency of malignant tumors 
occurring in the foot. However, the fre- 
quency has been sufficiently striking to stim- 
ulate an interest in making an analysis of 
the various kinds of tumors which affect 
that member. 

In reviewing the literature we find several 
contributions to the study of tumors of the 
foot. Treves (1) reported a case of sar- 
comatous tumor of the sole of the foot in 
1887; Shedden (2), in 1888, a case of epi- 
thelioma of the sole of the foot, with metas- 
tases in the lymph nodes of the groin; Jes- 
sett (3), in 1889, an alveolar sarcoma of 
the foot. Langdon (4), in 1894, Caubet 

(5), in 1903, Morestin (6), in 1905, Hertz- 
ler and Gibson (7), in 1914, have contrib- 
uted articles on melanotic tumors of the 
foot, the latter giving extensive case reports, 
with a discussion of the histogenesis of the 
tumor. Kurtz (8), in 1930, reported a pig- 
mented mole of the sole of the foot result- 
ing in melanotic sarcoma; Baldwin (9), in 
1921, a case of chondro-sarcoma of the 
plantar surface of the foot. 

Our records show that the most common 
malignant tumor of the foot is the melanotic 
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sarcoma, or the so-called nevus cell carci- 
noma: 17 of the 37 cases fell into this 
category. Next in frequency were 8 cases 
of squamous-cell carcinoma of the skin; 
then, 6 cases of sarcoma of the soft tissues; 
4 cases of bone sarcoma, 1 adenocarcinoma, 
and 1 basal-cell epithelioma of the skin of 
the foot. 

Table I shows the location of the 
nevus cell carcinomas, the ages and sex, the 
history of duration, previous treatment, 
treatment at the Institute, and the result of 
treatment. 

It will be observed that 10 of the 17 cases 
reported were lesions originating on the sole 
of the foot and heel and that they were 
nearly all far advanced, coming rather late 
for treatment. It would seem, after an 
analysis of these cases, that the only hope 
of circumventing the absolute mortality is 
to carefully scrutinize the feet in the yearly 
physical examinations, so that these pig- 
mented nevi which are the precursors can be 
dealt with radically. After malignancy is 
apparent in this type of tumor it is usually 
too late for any form of treatment except 
palliation. Early, wide excision, and irradia- 
tion are undoubtedly of value, but it would 
seem that, if one is quite sure the disease 
is still local, amputation is the method of 
choice. 
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Ewing (10) reviews the theories of the 
origin of melanoma, quoting Ribbert, Mas- 
son, and others. He recommends the adop- 
tion of Masson’s theory as the most com- 
prehensive yet evolved, that “melanoma 
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years of age, was treated with unfiltered 
and high power x-ray. The foot healed but 
the metastases in the groin progressed, caus- 
ing death two years and four months after 
admission. 





Fig. 1 (above). 
mctastases when patient was admitted; causing death from general metastases 
in one year, eleven months. 


Fig. 2 (below). 


arises from portions of the entire end-ap- 
paratus of the sensory nerve filaments of 
the skin.” 

Of the eight squamous-cell epitheliomas, 
one was an epithelioma of the instep which 
began as a callus from a shoelace in a 
man 65 years of age. This was treated by 
radium and x-rays. The patient died two 
years after admission of intercurrent dis- 
ease—the lesion had improved but not 
healed. 

One originated over the inner side of the 
heel at the site of an injury with a sledge 
hammer 25 years previously. This man, 80 


Showing small nevus-cell carcinoma with no evidence of 


Nevus-cell carcinoma of the heel. 


One, in a male 62 years of age, was a 
lesion 2.5 inches in diameter on the outer 
part of the right foot, with metastases in 
the groin. It had been growing for ten 
years. The leg was amputated at the middle 
third, the groin was treated with high 
power x-ray, and the patient has been well 
for over five years (Fig. 5). 

In one, a growth on the right little toe 
was noticed two years previous to admis- 
sion, at which time it was excised and 
treated with x-ray. Two months before ad- 
mission the growth was again excised and 
the nodes in the groin resected. On admis- 
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Fig. 3. Far-advanced nevus-cell carcinoma of the 
foot, with metastases (cf. Fig. 4). 


sion, the original lesion was well but there 
were metastases in the groin. These were 
treated with radium, but the patient died in 
three months. There had been no recur- 
rence of the original lesion at the time of 
death. 

One originated in a scar where the an- 
terior half of the foot had been accidentally 
amputated fifty-six years before. This pa- 
tient refused treatment. 

Three of these lesions occurred on the 
sole of the foot; two of them at a site where 
calluses had been treated by x-ray several 
years before. Both of these patients were 
women, 48 years of age; in one, the lesion 
had existed for two years before admission. 
She is being treated with high power x-ray 
over the foot and groins and the lesion is 
improving. The other patient was treated 
with radium packs until the leg was am- 
putated (Fig. 6) because of tendon involve- 
ment. The third lesion originated at the un- 
der-surface of the fourth toe, the site of a 
corn, and on admission involved the fourth 
and fifth toes, together with the dorsum and 
sole of the foot. This lesion, in a man 65 
years of age, was treated with high power 
x-ray, but he died in five months. Autopsy 
revealed no metastases. 

Both of the cases which had been treated 
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Fig. 4. Same case as in Fig. 3, showing metastases 
in the leg, also metastases in the thigh, groins, along 
the aorta, and in the lungs. 


for apparently benign lesions showed some 
evidence of x-ray dermatitis, with malignant 
degeneration, when admitted. These two 
cases are of especial interest as they call 
attention to the fact that treatment of plan- 
tar warts by irradiation should not be over- 
done; that, if after a reasonable treatment 
with the x-ray, the plantar warts have not 
been eradicated, it is much wiser to resort 
to some other form of therapy. 

Treatment of the squamous or pearl epi- 











~ 


Fig. 5. Squamous-cell epithelioma of the foot, 
clinically well five years following amputation. 


thelioma should be by irradiation if the le- 
sion is superficial, not involving the tendons 
or bones. If extensive ulcerations and in- 
filtrations have occurred, resort should be 
had to amputation. 

One of the sarcomas in the soft tissues 
of the foot, in a woman 51 years of age, 
on the right foot between the fourth and 
little toes, began four months previous to 
admission when a cow stepped on the pa- 
tient’s foot. An abscess formed, then healed, 
but a lump appeared soon after, which 
biopsy showed to be a myxosarcoma. It was 
treated with high power x-ray, after which 
the lesion seemed to be well for a year and 
two months, when it recurred. It was again 
given high power x-ray and the lesion re- 
mained stationary for a year and eight 
months. It was then treated with radium 
and high power x-ray and has been well for 
the past two years, now almost seven years 
since admission (Fig. 7). 

Two of the sarcomas in the soft tissues 
of the foot were 
which, in a male 37 years of age, on the 
inner surface of the left heel, was 4 cm. in 
diameter. There were marked metastatic 
nodes in the left inguinal region. The tumor 
mass had existed one year previous to ad- 


fibrosarcomas, one of 
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Fig. 6. Squamous-cell epithelioma of the sole of 
the foot following x-ray treatment for a plantar 
wart. 


mission, following an injury to the foot. 
The lesion had been excised before admis- 
sion, and, while the patient was treated here 
with high power x-ray, he died in six 
months from the metastases, the original le- 
sion remaining well. The other fibrosarcoma 
was in a male 28 years of age who had no- 
ticed a sore and swelling for one year pre- 
vious to admission. The lesion was an ulcer 
on the dorsal surface of the right foot 5 cm. 
in diameter. This patient was treated with 
high power x-ray and was clinically well for 
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two years preceding his death from inter- 
current disease (Fig. 8). 

Another sarcoma in the soft tissues was a 
sarcocarcinoma, in places an adenocarcino- 
ma, and in still other places resembling a 
spindle-cell sarcoma. The lesion occurred 
in a male 24 years of age, and had existed 
five years previous to admission, appearing 
as a swelling which followed an injury 
caused by dropping a sharp plank on his 
foot. This swelling grew gradually until 
nine months before admission, after which 
it grew rapidly. It was excised one week 
before admission. The scar was treated 
with low power filtered x-ray and had ap- 
peared clinically well for a year and ten 
months when there was a recurrence. Three 
years after admission lung metastases de- 
veloped and the patient died, the lesion on 
the foot not having healed at the time of 
death. 

One was a spindle-cell sarcoma, with 
giant cells over the left instep, occurring in 
a male aged 28. It had begun four years 
previous to admission, when a piece of iron 
fell on the foot. The growth at first was 
the size of a pea but increased rapidly, es- 
pecially during the preceding two years. 
The lesion had been excised two weeks prior 
to admission and he was treated at the In- 
stitute with radium packs. The lesion had 
not recurred at the time we lost trace of the 
patient. 

One was a myeloid tumor in a female 25 
years of age which began as a pimple under 
the large toe nail a year previous to admis- 
sion, and increased to the size of the end of 
the little finger. This was removed two 
weeks before admission and given high 
power x-ray at the Institute. The patient 
has been well for over seven years. 

One of the bone sarcomas was an osteo- 
genetic sarcoma in a girl 19 years of age. 
On admission, there was rarefaction of the 
os calcis, which was scraped out. Diagnosis 
at that time was spindle-cell sarcoma. She 
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Fig. 7. Myxosarcoma of the foot. 


was treated by means of irradiation over 
the foot, and the cavity in the bone prac- 
tically healed out and remained well for 
four years. Then a bluish-looking tumor 
developed in the scar over the skin of the 
foot which was irritated by her shoe. This 
grew with a sudden rapidity, necessitating 
amputation of the leg. She died from gen- 
eral metastases to the lungs and viscera eight 
years, five months after admission. Vari- 
ous pathologists expressed the opinion that 
this tumor showed the histology of an os- 
teogenic tumor which had destroyed several 
of the small bones of the foot. 

Another case was an osteogenic sarcoma 
in a boy 17 years of age which originated 
in the os calcis. This patient died two years 
after admission, with extensive metastases. 

Another ssteochondrosar- 
coma in a woman 34 years of age which 
originated in the large toe. The patient has 
been well five years since the removal of the 


case Was an 


tumor and treatment by x-ray. 

The other case was that of a tumor, con- 
sisting of spindle and giant cells, in a man 
32 years of age, which originated in the first 
metatarsal bone. He was treated by oper- 
ation, curettage of the bone, and irradiation, 
and has been well six years since treatment. 

The basal-cell epithelioma occurred on the 
sole of the foot, near the heel, in a woman 








mn 


63 years of age, and resulted, she said, from 
an injury caused by a nail in her shoe. The 
lesion was treated with radium and is now 
well. 

The one case of adenocarcinoma, in a man 
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most common malignant neoplasm occurring 
on the foot. 

2. The treatment of nevus-cell carcino- 
ma is very unsatisfactory. Earlier diagno- 
sis is essential in the hope that radical treat- 





Fig. 8 (left). 


32 years of age, was apparently primary in 
the skin of the foot, involving the anterior 
and inner surface of the ankle, with a his- 
tory of irritation from the shoe. This lesion 
was biopsied and treated with x-rays but the 
patient died from generalized metastases six 
months after admission (Fig. 9). 


CONCLUSIONS 


1. A review of our records shows nevus- 
cell carcinoma (melanosarcoma) to be the 


Fibrosarcoma of the instep, well after irradiation. 
Fig. 9 (right). Adenocarcinoma of the skin of the foot. 


ment may be instituted before the spread of 
this growth. 

3. Squamous-cell epithelioma is the ma- 
lignant tumor next in frequency, occurring 
This can be healed, if taken 
early, by irradiation. If extensive, amputa- 
tion is a life-saving measure. 

4. Attention is called to the two cases 
developing malignancy after treatment by 
irradiation for apparently benign lesions of 
the sole of the foot. 


on the foot. 











SCHMIDT, GRAUER, AND JENKINSON: 


~ 


5. Basal-cell epithelioma and adenocar- 
cinoma of the skin of the foot are rare. 
6. Six sarcomas of the soft tissues were 


observed. 
7. Only four primary bone sarcomas 
were observed. 
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ROENTGEN TREATMENT OF BENIGN AND MALIGNANT 
LESIONS OF PROSTATE’ 


By L. E. SCHMIDT, M.D., T. P. GRAUER, M.D., and EDWARD L. JENKINSON, M.D., 
CHICAGO 


N the first place, it is not possible clinic- 
ally to distinguish different kinds of 
carcinoma in the prostate gland. All 
prostatic cancers are adenocarcinomatous, 
consisting usually of a number of gland-like 
structures lined with cells, in either a single 
or a double row, smaller than normal acini. 
with no intra-acinous projections, and usual- 
ly packed closely together. The cells them- 
selves often can not be distinguished from 
normal cells, though they may be a little 
Mitotic fig- 
rarely 


larger or smaller than normal. 
ures in prostatic carcinoma are 
found: now and then one meets with an 
intra-acinous carcinoma, in which type the 
proliferation of tumor cells is within an 
acinus. Most striking is the invasion of the 
dilated acini of cystic hypertrophy, which 
produce large masses of tumor cells, so that 
on occasion such a tumor may take on an 
almost papillary structure. In later devel- 
opment the growths take on a frankly infil- 
trating form and no longer depend on the 


formation of new acini or on growth within 


1Read before the Radiological Society of North America 
at the Eighteenth Annual Meeting, at Atlantic City, Nov. 
28-Dec. 1, 1932. 


acini already formed. There may be thick 
or thin strands or masses of carcinoma cells 
the 


fibrous tissue reaction around the tumor is 


invading surrounding structures. If 


marked, a so-called scirrhous cancer is pro- 
duced. 

The outstanding clinical characteristic of 
cancer of the prostate is stony hardness— 
the one factor which makes diagnosis possi- 
ble, and without which the diagnosis is 
almost never made. This hardness is in 
proportion to the amount of fibrous tissue 
reaction in and around the tumor, and in 
cases of intra-acinous carcinoma in which 
no fibrous stroma has been laid down and 
before infiltration has occurred, or in fast- 
growing infiltrative tumors, the cancer may 
be soft to the touch. In the usual form 
the induration is marked and most evident 
in the posterior (rectal) surface, because the 
posterior lobe, or the subcervical glands, is 
the most frequent site of origin. In the 
usual hard, indurated form of cancer, sur- 
faces made by cutting are smooth and do 
not bulge. Prostatic cancer is gray in color, 
studded or streaked with yellow opaque 





522 





material—the gray is fibrous tissue ; the yel- 
low, the strands or nests of tumor cells. 


METASTASIS OF PROSTATIC CARCINOMA 


The prostate and prostatic area are 
drained by three sets of lymphatics, the one 
group running laterally to the nodes around 
the external iliac artery, a posterior group 
which ascends laterally to the rectum on 
either side and empties into the presacral 
nodes near the internal iliac artery, and a 
central group which drains also the seminal 
vesicles and enters nodes as high as the 
bifurcation of the aorta. Any or all of these 
nodes may be secondarily involved and are 
accountable for such symptoms as pain in 
the legs due to pressure on the sacral plexus 
of nerves or edema of the legs following 
compression of the veins. 

Metastasis to bony structures is not sur- 
prising to any roentgenologist, and can be 
accounted for only by spread through the 
blood stream. Skin nodules and nodules in 
the liver and other organs have been def- 
initely traced to blood metastasis. The 
seminal vesicles, bladder wall, corpora 
cavernosa, and urethra are often involved by 
direct extension. 

Carcinoma of the prostate is rare before 
40 years of age. Young, Bumpus, and 
Deming agree that 45 to 50 per cent of all 
cases of carcinoma of the prostate occur in 
men between the ages of 60 to 70, about 20 
per cent occur in the decade before 60, and 
20 per cent in the decade after 70 years. 

Authors vary on the percentage of pros- 
tates causing obstruction which are found 
to be malignant, but taking a mean of these 
figures roughly leads us to the conclusion 
that 20 per cent of men over 60 years of age 
will have symptoms of prostatic trouble, and 
20 per cent of these will have cancer; in 
other words, four men in every hundred 
who live to be 60 years of age will have 
cancer of the prostate. 

The period of time which elapses between 
the onset of cancer and the beginning of 
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symptoms is not known. However, know- 
ing that, in most cases, the progress after 
diagnosis is made is not rapid, one can 
assume that the cancer has been present for 
some time, perhaps years, before the patient 
presents himself to the doctor. For this 
reason we advocate a rectal palpation as a 
part of every physical examination in a man 
of cancer age. 

Diagnosis and Symptoms.—The symp- 
toms of prostatic carcinoma are usually 
those of vesicle neck obstruction, that is— 
frequency of urination, nocturia, difficulty 
of urination, and pain. Most often fre- 
quency and difficulty are the first symptoms, 
though we have seen two cases in which the 
only symptom was pain in the back and peri- 
neum. Cases are reported in which the 
initial symptom was hematuria or acute re- 
tention of urine, and we have seen both of 
these conditions as primary symptoms. 
Bone metastasis, skin nodules, or a palpable 
abdominal mass has been recorded as the 
first inkling of a prostatic tumor. Such 
cases, however, are rare. The urinary 
symptoms are by far the most common and 
are due either to constriction of the prostatic 
urethra or to a coincident benign prostatic 
hypertrophy. Benign hypertrophy occurs 
in association with about 60 per cent of 
prostatic carcinomas. 

The principal means of establishing a 
diagnosis is the rectal examination. In- 
duration is the most important feature. In 
typical cases this induration is great (de- 
scribed as “stony hard’) and the prostate 
is fixed. The hardness may extend to the 
seminal vesicles or to the intervesicular 
angle, while occasionally the rectal wall it- 
self may be involved. Ina typical case the 
surface of the induration is irregular or 
nodular. When benign hypertrophy is pres- 
ent, it may obscure the carcinoma. Pros- 
tatitis combined with tuberculosis of the 
prostate, a very rare condition, sometimes 
causes an induration which is hard to dis- 
tinguish from carcinoma, and true prostatic 
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stones form nodules which feel very much 
like cancer. We have seen large prostatic 
stones which could be distinguished from 
cancer of the prostate only by x-ray exam- 
ination. 

Modes of Treatment.—Carcinoma of the 
prostate has been treated in various ways— 
radium applied to the prostate by means of 
rectal applicators and urethral applicators, 
needles of radium inserted into the carci- 
noma either through the perineum or the 
bladder surface via a cystotomy opening, or 
radium emanation seeds applied in like man- 
ner. 

Radical removal of the prostate, seminal 
vesicles, and prostatic urethra has also been 
done with some success in early cases. In 
1912 one of us (L. E. S.) made the state- 
ment that when a diagnosis of carcinoma of 
the prostate can be made by rectal exami- 
nation, it is too late for successful surgical 
removal. The statement was condemned at 
the time as being a hindrance to surgery, but 
it is now accepted universally. 

X-ray Therapy.—The importance and 
value to the patient of deep x-ray therapy 
in carcinoma of the prostate has been a sub- 
ject of considerable discussion during the 
past ten years. Writers on the subject vary 
greatly in their opinions, the consensus be- 
ing that it is of some value. 

Smith and Peirson (1) agree that some 
cases are materially benefited by deep x-ray 
therapy, while Hugh Young (2) says that 
its chief value lies in relief from pain. In 
1928 Barringer (3) considered x-ray 
therapy of great value, but we understand 
that since then he has practically discarded 
its use in prostatic cancer. Mann (4) 
states that alleviation of symptoms occurs 
almost as infrequently as cures, and is only 
temporary. Morton (5) reports improve- 
ment in many cases in both local and general 
condition of the patient. 

The way in which x-radiation influences 
deep-seated cancer of the prostate is much 
discussed in the literature, the consensus of 
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opinion being that the benefits are derived 
from two sources: (1) Actual injury to 
and destruction of the tumor cells; (2) the 
formation of fibrous tissue about the tumor. 

It is difficult to estimate accurately the 
value of x-ray therapy, no means of meas- 
uring its effectiveness being available. How- 
ever, in this report, (1) effect upon pain, 
(2) effect upon extent of primary growth, 
(3) effect upon the general condition of the 
patient will be used as gauges. 

Here 12 cases are used for comparison, 
all of which have received x-ray treatment 
under similar conditions. None of them 
had other forms of treatment, such as re- 
moval of the gland, punch operations, ra- 
dium, etc. Some of them had suprapubic 
cystotomies done to relieve urinary symp- 
toms. None of the cases treated with the 
X-ray as a preventive measure following 
prostatectomy in which the pathologic tissue 
revealed a small cancer are used in this re- 
port. All of these cases are from the pri- 
vate practice of one of us (L. E. S.) and the 
diagnoses were made by him. 

In the preparation of this report we have 
purposely avoided using the word “cure,” 
since it is not our intention to try to convey 
to the profession that we can cure these pa- 
tients. Our only reason for preparing this 
report is to bring again to the attention of 
our colleagues the value of the x-rays in 
combating the pain and other symptoms 
which invalid these patients, for we are con- 
vinced that much help can be given by the 
judicious use of them.’ 

We are reporting only these 12 cases be- 
cause many of our otherwise eligible pa- 
tients have had other forms of treatment 
such as surgery and radium, or have not 
been checked closely by competent urolo- 
gists. This series comprises for the most 
part patients treated within the last three 





2As a radiologist I am not basing this opinion on my own 
observations but on the judgment of my colleagues who 
have watched these patients carefully and have at frequent 
intervals examined them. Before and after each series of 
roentgen treatments the patient is carefully scrutinized by 
Dr. Schmidt and Dr. Grauer.—E. L. J 
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years, though two were treated during 1925. 
At no time during the last three years 
have we felt that our roentgen technic was 
entirely satisfactory. From time to time 
we have changed our x-ray factors and also 
our method of administration. During the 
early period of the work we used rather low 
filtration and gave the treatment within a 
comparatively short period of time. We 
were informed by our physicist that it was 
not necessary to go beyond 0.5 mm. of cop- 
per filter; in fact, he thought—like many 
others—that this amount of filter (0.5 mm. 
copper) was the optimum and that beyond 
this point filtration became uneconomical 
In the light of 
our later experience we are convinced that 


and nothing was gained. 


much better results can be obtained by using 
higher filtration and by spreading the series 
over a longer period of time. It is our opin- 
ion that less damage is done to the sur- 
rounding normal tissues by highly filtered 
X-rays, given over a long period of time in 
divided doses, than when using lower filtra- 
tion and delivering the dosage within a short 
period of time, or the so-called “intensive 
irradiation.” 

At present we are giving consideration to 
increasing the time consumed in adminis- 
tering the required dose. When we first at- 
tempted this work we used 0.5 mm. of cop- 
per, and even when we gave up to 600 r 
through each of three portals we did not ob- 
tain the improvement which followed in 
later cases using from 1 to 1.25 mm. of 
copper. It is true, we caused quite definite 
tanning of the skin, which we do not pro- 
duce with our present technic, but the 
changes in the prostate were not in propor- 
tion to the amount of x-ray energy absorbed 
in the skin. 

It seems to us the method of Regaud (6) 
as used by Martin (7) in radium application 
also applies to the administration of the 
roentgen rays. They have reported excel- 
lent results in treating malignancies by small 
doses of heavily filtered radium, the dose re- 





RADIOLOGY 


It is their 
opinion that the surrounding normal tissues 
are not damaged to the extent that they are 
when intensive doses are given, using only 
a moderate amount of filtration. 

It is believed by many radiologists and 
physicists that rays of very short wave 
length and high penetrating power have a 
greater selectivity for radioresponsive cells 
and are less prone to cause necrosis. 


quired consuming many days. 


There 
are also other advantages in decreasing the 
intensity, such as increasing the selectivity 
of radiosensitive cells by prolonging the 
time of exposure, or administration. The 
margin of safety for normal tissues is also 
increased, while the malignant tissues are 
made to regress even in tumors which are 
quite radioresistant to low intensities. 

In treating prostatic malignancies we do 
a routine x-ray examination of the bones of 
the pelvis, such a film record being of im- 
portance both from a diagnostic standpoint 
and for future comparisons. 

The presence of metastasis in the bones of 
the pelvis does not eliminate the possibility 
of roentgentherapy, nor does it mean that 
no help can be given the patient. In one 
case of our series definite evidence of bone 
metastasis was present in the x-ray film, 
while in another the changes in the bones 
were certainly suggestive of metastasis. In 
neither case did we advise against therapy, 
although we informed the patients that we 
were not over-enthusiastic about the possi- 
bility of the treatment giving them much 
relief. Both were treated with high volt- 
age, using heavy filtration, during the last 
part of 1930 and the early part of 1931. 
They were greatly improved when last ex- 
amined by Dr. Schmidt and are at present 
carrying on their daily duties. 

When Dr. Schmidt last examined Case 1 
(showed definite x-ray evidence of pelvic 
bone metastasis) he found the prostate much 
smaller—no areas of hardness could be felt 
on deep or superficial pressure, nor could 
any nodules be felt. Dr. Schmidt made the 
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following note: “There is no resemblance 
between the rectal findings now and on the 
first examination. The patient is free of 
pain, his stream is normal (‘good as it was 
twenty years ago’), he has no urinary symp- 
toms, and his weight and general health are 
very satisfactory.” 

Case 2, with x-ray findings suggestive of 
pelvic bone metastasis, when last examined 
by Dr. Schmidt showed the following on 
rectal examination: ‘Prostate is soft and 
smooth except for the upper right lobe, 
which is nodular and stony hard. The 
irregular hard area extends upward into the 
region of the vesicles and seems larger than 
on the previous examination. Subjective 
findings: No pain; nocturia decreased from 
three to one; no frequency. Patient says 
he feels perfectly well.” 

These two patients are referred to here 
to show the benefit which may be given even 
though metastasis is present. We know, or, 
at least, feel, quite sure these patients will 
eventually die from the cancer, but they 
have at least been given new hope and are 
free of distressing symptoms and are 
changed from invalids into useful citizens. 

From the above reports we do not wish 
to convey the idea that all our cases have 
reacted favorably; on the contrary, some of 
them did not show marked improvement in 
the physical‘ findings, and, likewise, there 
was no amelioration of symptoms. We are 
not able to state why some patients have 
failed to respond unless we venture the opin- 
ion that the factors we used in administer- 
ing the treatment were not properly deter- 
mined. By this, we mean that our filtration 
may have been inadequate and the absorp- 
tion of the rays took place in the skin and 
superficial tissues, with insufficient irradia- 
tion to the deeper structures. We are con- 
vinced that since we have increased our fil- 
tration and divided our dosage, consuming 
a longer period of time in giving the series, 
our results have improved. 

From the reetal examination of the pros 
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tate by means of palpation it is impossible 
to determine in advance the patients who 
will respond favorably and those who will 
not. In all our cases the prostate, or at 
least a portion, has been stony hard. Con- 
trary to what might be expected, the cases 
with the very hard extensive involvement 
of the prostate, with fixation, have done ex- 
ceedingly well with our revised form of 
treatment. In one patient in particular the 
stony hard prostate has been completely ab- 
sorbed, and on Sept. 19, 1932, Dr. Schmidt 
reported the rectal findings to be negative 
for carcinoma. 

Method of Treatment.—At present we 
are using 200 K.V.P. 1.25 mm. of copper 
plus 1 mm. of aluminum, at a distance of 
50 cm. With these factors we are deliver- 
ing 6.5 R.P.M. measured in air, computed 
with a Mecapion (Victoreen) and a roent- 
genometer. The latter is always in posi- 
tion, giving a constant reading. The treat- 
ment is directed through three portals, i.c., 
anterior pelvis (directed downward at the 
prostate area, 20 X 20 cm.) ; perineum (the 
patient sitting on the opening, using a couch, 
treating from below); field, 
directed downward at the prostate. These 
portals are treated for a period of about ten 
days and then the patient is allowed to rest 
for a period of six weeks. We administer 
approximately from 1,800 to 2.400 r to the 
three portals measured in air, during the 
period of treatment. The depth dose with 
our present technic is about 50 per cent at 
10 cm., which, using the present factors, de- 
livers around 2,400 r to the three portals 
We do not obtain any skin changes and we 
can repeat the dose safely in six weeks. Re- 


posterior 


cently we have been using the Thoraeus fil- 
ter (0.25 mm. Cu plus 0.2 Sn plus 1 mm. 
Al) which delivers about the same intensity 
to the skin in r as 1 mm, of copper, but de- 
livers a wave length equivalent to 2 mm. of 
copper. The filter does not lengthen the 
time factor but gives a much shorter wave 
length, filtering out most of the long waves. 
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This filter has not yet been used long enough 
to enable us to say definitely what advan- 
tages it offers. 

We are not disposed to be over-enthu- 
siastic about our permanent results and, as 
far as increasing the lives of these patients, 
possibly we have not accomplished a great 
deal over the older method. We do feel, 
however, that the greater percentage of this 
group has been helped, taking the symptoms 

The pa- 
suffer the 
follow 


of pain and nocturia as criteria. 
tients have not been made to 
added discomforts which usually 
prostatectomy and, also, they have been able 
to go akout their usual daily routine and 
are able to s'eep through the night. 

From this series of 12 cases one can sum- 
marize by saving that seven patients have 
died, four of them without any apparent 
benefit from x-ray therapy. Two of those 
who died showed improvement in the rectal 
findings and were relieved of pain by x-ray 
therapy. One patient had relief from uri- 
nary symptoms and definite improvement of 
the rectal findings, but died of leukemia two 
years after the diagnosis of carcinoma of 
the prostate was made. The five patients 
who are still living have all had relief of 
pain and improvement in their urinary 
symptoms. Their general health and weight 
have been maintained and their rectal find- 
ings have been influenced for the better. 

Taking the akove figures as a basis for 
determining the value of the x-rays in this 
small but carefully supervised series, we 
arrive at the following: 3344 per cent of the 
patients received no benefit from the treat- 
ment; 25 per cent received definite benefit 
and improved, but later died ; 4024 per cent 
have been greatly improved objectively and 
subjectively and are still living. 

CASE REPORTS 

Five cases may be cited in some detail, since 
they are typical of the series. 

Case 1. This patient, aged 66 years, entered 
the hospital Dec. 24, 1929, complaining of 
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painless hematuria which had been present for 
two months and of a low lumbar pain of an 
aching nature which had been present for four 
months. He had no other urinary symptoms, 

The general physical examination was nega- 
live. Ona rectal 
served a diffuse, broad, very firm prostate, the 


examination there was ob- 
left lobe being more firm and larger than the 
right. The prostate was fixed and, high up on 
the left, gave a nodular impression. 

Cystoscopy revealed a markedly elongated 
prostatic urethra over the left half of the 
vesicle neck and extending into the trigone, 
and, bordering the bladder, there was an ele- 
vated mass—somewhat irregular and showing 
small necrotic areas. 

Diagnosis was made of a carcinoma of the 
prostate with extension into the bladder. 

The constituents of the blood 
were normal: hemoglobin 72 per cent; red 
blood cells 3,960,000; white blood cells 8,209. 


The urine showed 30 mg. of albumin, micro- 


nitrogen 


scopic and macroscopic blood, with large 
amount of pus. Blood pressure was 190/114. 

On Jan. 2, 1930, one course of x-ray ther- 
apy was given and the patient was discharged 
from the hospital. In February, 1930, he had 
another course of four treatments. For three 
months after this the patient felt fine; had no 
pain or hematuria. Six months later (June 4, 
1930) he re-entered the hospital, complaining 
of a marked frequency both day and _ night, 
with considerable bleeding at times during the 
past month. Rectal examination revealed a 
massive infiltration of the prostate, vesicles, 
and palpable portion of the bladder. The peri- 
aortic lymph nodes could be palpated. The 
liver was enlarged and felt nodular. On June 
11 a suprapubic cystotomy was done to relieve 
the intense urinary symptoms. The patient 
died on June 16 from post-operative cardiac 
failure. 

Case 2. This patient, aged 83 years, had a 
prostatectomy performed in 1914 for a simple 
benign hypertrophy and, on pathologic exam- 
ination, no was found. Fifteen 
years later (in 1929), the patient presented 
again, this time because of a recur- 


carcinoma 


himself 
rence of his urinary symptoms. He complained 
of frequency and nocturia (every two to three 
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hours). The stream had gotten smaller in the 
last six months. He also stated that there was 
pain most of the time in the region of the 
sacrum. He had lost no weight. The general 
health was exceptionally good for a man of 
his age. 

Examination revealed nothing of impor- 
tance. Rectally the prostatic capsule felt firm, 
extending from pelvic wall to pelvic wall; no 
urethral groove could be felt. There was an 
area in the right side, extending up into the 
right vesicular region, as large as the last 
phalanx of the thumb, which was stony hard, 
nodular, and irregular. 

The nitrogen constituents in the blood were 
normal; hemoglobin was 78 per cent; red 
blood cells, 3,890,000 ; white blood cells, 7,050; 
blood pressure, 136/80. 

The patient returned for examination April 
22, 1930, at which time he was having diff- 
culty in urinating and suffered suprapubic pain 
when the bladder became full. His urinary 
symptoms had increased markedly in the in- 
tervening six months, and the infiltration of 
the prostate had extended markedly—now the 
entire gland was hard and nodular. 

A suprapubic cystotomy, with subsequent 
x-ray treatment, was advised and carried out. 
A permanent suprapubic fistula was made on 
April 26, 1930, and eight courses of x-ray 
treatment given between April 29, 1930, and 
November 7, 1931. 

The patient got along well and the pain was 
gone entirely. His weight was maintained and 
the gland was reduced in size and became con- 
siderably softer on monthly examinations dur- 
ing this period until July, 1932. Then the 
patient began to complain of edema of both 
legs, cough, and shortness of breath due to 
cardiac decompensation. He was put on car- 
diac management and was better for a time, 
but then grew steadily weaker and died on 
September &, 1932. 

In this case x-ray therapy seems to have 
controlled the size of the gland and did im- 
prove the pain and maintained the patient in 
good health for over two years. How much of 
his terminal condition may have resulted from 
metastatic growth is unknown; however, none 
was demonstrated. 
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Case 3. The patient, aged 73 years, upon 
examination Oct. 16, 1930, stated that for the 
past two years he had been getting up two or 
three times at night to urinate and that he 
urinated every two hours during the day. [or 
the previous few days he had noticed a dis- 
comfort in the rectum on sitting down and 
some pain was present in the sacral region 
most of the time; otherwise his health was 
good. 

Examination revealed an enlarged heart, 
with a mild presystolic murmur. The heart 
was well compensated, however. Otherwise 
the general examination was satisfactory. 

Rectal examination showed the prostate to 
be irregular, the right lobe larger than the left. 
The right lobe was nodular and hard, as was 
also the posterior isthmus. 

Hemoglobin was 90 per cent ; red blood cells, 
4,780,000 ; white blood cells, 5,800; blood pres- 
sure 146/108. 

The urine was negative for albumin and 
sugar. Microscopically a few pus cells were 
seen and an occasional red blood cell and 
hyaline cast. 

The diagnosis was carcinoma of the pros- 
tate, and x-ray treatments were begun. Three 
and a half courses were given, between No- 
vember, 1930, and June, 1931. The patient 
was examined regularly at intervals of two 
months. On Sept. 16, 1931, he was in general 
good health, and had had no pain since the 
previous winter. Night urinations were cut 
down from three times to one time, and he 
The rectal findings 
were much improved. The infiltration in the 
right lobe had reduced to about one-half its 
size of a year before. The last examination 
was Oct. 17, 1932. The general health and 


suffered no frequency. 


weight have remained the same. The man 
feels perfectly well—has no pain of any kind. 
lollowing a ten-day motor trip he had some 
increased frequency of urination. Blood and 
urine findings were about the same as at the 
first examination. The prostate at this time ts 
soft and smooth except for the upper right 
lobe, which is nodular and stony hard. This 
irregularity extends upward into the region of 
the vesicles and seems to be larger than at 
the time of the previous examination. 
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Case 4+. The patient, aged 65 years, con- 
sulted a doctor Dec. 4, 1931, because of slight 
increase in frequency of urination and noc- 
turia. He stated that formerly he had been 
up one or two times each night, but during the 
past few months this had increased to three 
times. There was also difficulty in starting to 
urinate and slight suprapubic pain. He had 
had migraine headaches for many years and 
during the past six years had had frequent 
attacks of angina pectoris. His weight has 
remained stationary for many years. 

On general physical examination the heart 
was found to be slightly enlarged to the left 
and there was some roughening of the second 
aortic tone. The lungs were clear. There was 
slight tenderness along the ascending colon. 
The bladder was not palpable suprapubically. 
Rectally the examiner found a moderately 
large prostate, the left lobe larger than the 
right. The urethral groove was shallow. The 
consistency of the right lobe was normal, 
while the left lobe was stony hard, and irregu- 
lar in the upper portion, this infiltration ex- 
tending into the region of the left seminal 
vesicle. 

Hemoglobin was 88 per cent; red blood 
cells, 4,490,000 ; white blood cells, 6,400; blood 
pressure 156/104. The urine was clear, with- 
out albumin or sugar. Microscopically a small 
amount of pus was seen and an occasional red 
blood cell. A diagnosis of carcinoma was 
made and x-ray therapy advised. This was 
carried out in seven courses, from Dec. 17, 
1930, to August, 1932. 

Rectal examinations made during the first 
year showed the mass to be decreasing in size 
and becoming much softer. On Nov. 17, 1931, 
no sign of the infiltration could be found on 
rectal examination. The patient had no com- 
plaints to make; the urinary symptoms had 
improved; there was a nocturia of one time 
and no difficulty in starting; there was no 
pain, and his weight had been maintained. 

The last examination was made on Sept. 
19, 1932, at which time rectal findings were 
negative for carcinoma. There has been no 
return of his pain or urinary symptoms. He 
still has occasional attacks of angina pectoris. 
His weight and general health are unchanged 
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Case 5. This patient, aged 66 years, was 
first seen April 16, 1931, complaining of pain 
in the upper portion of the left leg. The pain 
had been persistently present for three months 
and a slowing of the urinary stream had been 
present for six months. He had no frequency 
of urination or nocturia. Because of this pain 
an x-ray film of the pelvis had been taken a 
few days before, which showed changes in the 
left ischium, which the radiologist thought 
were suspicious of metastasis in this bone. 
The patient had lost no weight or strength and 
felt fine in every way except for this pain. 

General physical examination was negative 
in all essentials. Rectally, there was a collar- 
shaped hypertrophy of the prostate extending 
from pelvic wall to pelvic wall, partly pro- 
truding into the rectum, smooth and rounded. 
On deep palpation there was a sensation of 
marked hardness. Superficially there were 
three hard nodules in the right upper lobe. 

Hemoglobin was 80 per cent; red blood 
cells, 4,060,000 ; white blood cells, 7,900; blood 
pressure, 134/76. The urine showed no al- 
bumin, no casts, and on microscopic examina- 
tion was found to be normal. 

Two courses of x-ray therapy were given 
between April 20, 1931, and July 26, 1931. 

At examination on Sept. 17, 1931, the pa- 
tient reported that, after the first course of 
x-ray treatment had been given, he had com- 
plete and almost immediate relief from his 
pain and had had no pain since. His stream 
at this time is as good as it was twenty years 
before and he has no urinary symptoms. The 
weight and general health are fine. Rectally, 
the prostate in general is much smaller, no 
hardness can be felt on deep or superficial 
pressure, and no nodules of any kind are pal- 
pable. There is no resemblance between the 
rectal findings now and those on first examina- 
tion. The patient has since moved away and 
contact with him has been lost. 
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PULMONARY TUBERCULOSIS' 
THE ROENTGENOLOGIC APPLICATION OF A CLINICAL CLASSIFICATION 


By HENRY K. TAYLOR, M.D., F.A.C.P., New York City 
From the Department of Roentgenology, Sea View Hospital 


HE classification which I shall present 

to-day is the clinical classification of 

pulmonary tuberculosis recently de- 
scribed by Ornstein, Ulmar, and Dittler 
(1,2). For the past year I have witnessed 
the application of this classification clinically 
at Sea View Hospital. Because of its gen- 
eral usefulness and simplicity, I wish to 
submit it to you from the roentgenologic 
standpoint. 

The increased use of surgery in pulmo- 
nary tuberculosis demands an adequate clas- 
sification, particularly if the surgical results 
are to be of value. At the present time, the 
results of the various surgical procedures, 
reported from different parts of the coun- 
try, show wide differences. This cannot be 
attributed to surgical technic, but to im- 
proper interpretation of the pathology of 
tuberculosis. The National Tuberculosis 
Classification depends upon the size or quan- 
tity of the lesion, paying no attention to the 
quality of the pathology. 

All cases of pulmonary tuberculosis, ex- 
cluding the primary infection, may be di- 
vided into two groups: the acute inflam- 
matory and the chronic productive. The 
acute inflammatory group is subdivided into 
three types: the benign exudative, the ex- 
udative-productive, and the caseous-pneu- 
monic. 
~3Read before the Radiological Society of North America, 


at the Eighteenth Annual Meeting, at Atlantic City, Nov. 
28-Dec. 1, 1932. 


It is generally agreed that we receive our 
primary infection during infancy or child- 
hood, from which we recover and develop 
a certain immunity. The result of a super- 
infection depends upon the dosage and viru- 
lence of tubercle bacilli coupled with the 
allergic response of the host. A marked 
allergic response to a number of tubercle 
bacilli results in the exudative form of pul- 
monary tuberculosis. When the dosage is 
somewhat greater, the exudative-productive 
tvpe of pulmonary tuberculosis follows. A 
massive dose of tubercle bacilli with a 
marked allergic response results in the case- 
ous-pneumonic type. A small dose of tuber- 
cle bacilli, with little or no allergic response, 
ushers in the chronic productive type of 
pulmonary tuberculosis. 

1. Exudative, or Benign Acute, Type of 
Pulmonary Tuberculosis—This type is an 
acute lesion. Because the symptoms are few 
and not alarming it is very often overlooked. 
The symptoms, which are no more marked 
than an ordinary cold, disappear in a few 
days. Hemoptysis occurs in about 40 per 
cent of the cases. Tubercle bacilli are found 
only at the onset, while there is expectora- 
tion. Inasmuch as cough and expectoration 
quickly subside, it is difficult to demonstrate 
tubercle bacilli except during the first few 
weeks of the disease. 

The pathology is not definitely known, but 
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it resembles the so-called gelatinous pneu- 
monia. This lesion shows a serous exudate, 
little and 
There is no tissue injury. With this type of 
pathology, one can readily understand how 


fibrin, few cellular elements. 


simple it is for resolution to occur without 
leaving any traces. 

The roentgenologic findings are more 
alarming than the clinical symptoms. The 
film shows an area of diminished aeration, 
varying in size from a small patch to a lobe 
or lung, of uniform density, resembling an 
area of consolidation. The exudative cases 
all do well. Complete resolution occurs in 
a period varying from six weeks to six 
months, leaving no traces of the lesion in 
the roentgenogram. During irregular res- 
olution of the lesion, 
which -may be mistaken for cavities, are 


annular shadows, 
often seen. 

Using the National Tuberculosis Classi- 
fication, an exudative lesion, depending upon 
the extent of pathology, can be character- 
ized as far advanced, and, to the amazement 
of ali, will completely resolve. There is no 
objection to using the various stages indi- 
cating the extent of the lesion, but one must 
identify its nature. A far advanced or Stage 
3 exudative lesion has an excellent prog- 
nosis. 

2. Exudative-productive Type of Pulmo- 
nary Tuberculosis.—In this type of tubercu- 
losis the reaction is more severe than in the 
exudative type, due to a larger dosage of 
tubercle bacilli. The lung shows very little 
tissue injury, a serous exudate, fibrin, a 
great deal of cellular elements and some pro- 
ductive changes. In this form resolution is 
also possible, leaving very little trace of the 
original pathology in the form of some 
fibrotic strands with small areas of produc- 
tive changes. Small areas of caseation may 
exist, so small that they are not visualized 
on the roentgenogram. 

The roentgenologic findings at first may 
be similar to the exudative type. The ex- 
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tent of the lesion varies. Resolution is much 
slower than in the exudative type, because 
of the increased amount of fibrin and cel- 
lular elements—it may take as long as from 
twelve to eighteen months for it to be com- 
plete. When resolution is complete, one usu- 
ally finds a few small areas of productive 
changes in association with some fibrotic 
strands. 

The prognosis in this type of pulmonary 
tuberculosis is good. The course of the dis- 
case is usually benign. 

3. Caseous-pneumonic Type of Pulmo- 
nary Tuberculosis—The pathologic picture 
in this form differs radically from the first 
two inflammatory types. A severe reaction, 
with a caseation necrosis, is the sequence; 
with the sloughing out of the caseating 
areas, cavities are formed which usually 
serve as a constant source of tubercle bacilli. 
Superinfections are common in this type, 
and the response may vary with each infec- 
tion. At times this may occur repeatedly as 
an acinous exudative spread which will re- 
solve completely, leaving no traces in the 
roentgenogram. Then again, the response 
may be either exudative-productive, caseous- 
pneumonic, or productive, depending upon 
the dosage. In the caseous-pneumonic type 
of tuberculosis one sees a retraction of the 
chest and lung, with distortion of the trachea 
and mediastinal structures. The prognosis 
in this type of tuberculosis is poor—over 
50 per cent of the non-surgically treated 
cases die in the first year. 

At the onset the roentgen appearances 
may be similar to the exudative lesion—an 
area of consolidation of variable extent. 
The lesion caseates and cavities present 
themselves, while areas of atelectasis, vary- 
ing in size, are usually present. Fibrotic 
changes appear, either concomitantly with 
the caseation or after the inflammatory le- 
sion has broken down and its substance ex- 
pectorated. 

Depending upon the extent and type of 
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the involvement, many manifestations of 
this form of pulmonary tuberculosis may be 
present: in fact, all the stages from exuda- 
tion to occur. Secondary 
changes due to and including atelectasis, 


necrosis may 
fibrosis, and emphysema, with the attending 
deformation of the thoracic and mediastinal 
structures, with responses from superinfec- 
tion, may all be present in any one case. The 
terminal stage of this lesion, when lobar, 
usually shows a markedly retracted lobe of 
the lung, a retracted chest wall, a marked 
deviation of the trachea and mediastinal 
contents to the affected side. Smaller lesions 
do not distort the mediastinal contents. The 
terminal stage of this type of pulmonary 
tuberculosis is the one which has fallen heir 
to many descriptive terms, which represent 
only a cross-section at a given time, or one 
stage of a caseous-pneumonic lesion. 


4. Chronic Productive Type of Pulmo- 
nary Tuberculosis—Quoting Ornstein and 
his co-workers: 

“If the superinfecting dose is small and the 
allergic reaction slight, then a low-grade pro- 
liferative response is the result. According to 
Aschoff, this process starts-in the bronchial 
tree at the junction of the terminal bronchiolus 
with the bronchiolus respiratorius.- The lumen 
When this oc- 
curs, there is an absorption of air in the 
alveolar sacs, with the result that the pulmo- 
nary acinus becomes atelectatic and shrinks 


of the tube is soon occluded. 


down to a small nodule around the prolifera- 
tive focus. This the 
‘acinondose type’ of tuberculosis of Aschoff. 
It is the result of small superinfecting doses 
in a relatively non-allergic tissue. When adja- 


constitutes so-called 


cent acini are involved, the lung grossly as- 
sumes a cirrhotic, scarred appearance. It is a 
type of process which, because of its avascu- 
larity, is apt to give relatively few symptoms. 
The patient may have very few complaints, 
and may present himself only because of some 
complication, such as emphysema, or laryngeal 
er intestinal involvement.” 


The roentgen examination shows small 
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nodules and fibrous tissue strands or inter- 
stitial changes. The lesion usually starts in 
the apex and gradually involves the adjacent 
lung—many years pass before extensive in- 
volvement is evident. These individuals are 
well, are not incapacitated, and the lesion 
may not be recognized for many years; 
as a rule, it does not prevent the indi- 
vidual from As the lesion 
progresses and becomes more extensive, the 


carrying on. 


nodules may coalesce, caseate, and form nu- 
merous small cavities resembling bronchi- 
ectatic dilatations. The chief complaint is 
usually dyspnea due to the accompanying 
emphysema. 

Complications need not be considered 
now, for they do not in any way alter the 
use of this clinical classification. Acute 
miliary tuberculosis does not enter into the 
classification, for its development is an ac- 
cident, a rupture of a tuberculous focus with 
a spread by means of lymph or blood. The 
true chronic miliary tuberculosis is rare and 
belongs to the chronic productive group. 

I have already mentioned healing mani- 
festations in adult type tuberculous lesions 
by resolution and fibrosis: healing by calcifi- 
cation has not been our experience in adult 
tvpe pulmonary tuberculosis. Serial studies 
in many cases of superinfection have failed 
to show evidences of healing by calcification. 
During the primary infection and = soon 
The 


numerous small calcareous foci often seen 


thereafter one encounters calcification. 


in one or both lungs are not healed super- 
infections, but probably the end-results of 
the primary infection. 

In dividing pulmonary tuberculosis into 
four types, it is not to be assumed that these 
are pure types. The predominating lesion 
indicates the type, and the presence of cav- 
itation always means caseous-pneumonic 
type. All four types may be present in any 
At no time is there a transition 
Each type is 


one case. 
from one form into another. 
caused by an independent reaction to a 
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tuberculous antigen. In one _ individual, 
when the dose is small, the response may be 
an exudative reaction, and on the next re- 
infection the response may be caseous-pneu- 
monic. The exudative lesion never becomes 
caseous-pneumonic, and the caseous-pneu- 
menic never becomes an exudative type 
lesion. 

The picture presented gives only a rough 
and sketchy description of the classification, 
the real value of which lies in the ease and 
certainty with which you are able to select 
your cases for collapse therapy. With the 
increase of collapse therapy measures, proper 
selection of cases is essential, rather than the 
indiscriminate application of procedures in 
cases in which no such therapy is indicated. 
A haphazard selection of cases results in er- 
roneous statistics. It must be remembered 
that this classification groups the cases from 
a clinical and roentgenologic standpoint, se- 
lects the cases which require collapse ther- 
apy measures, and incidentally gives you an 
opportunity to prognosticate in all types of 
pulmonary tuberculosis. Collapse therapy in 
pulmonary tuberculosis is a recognized pro- 
cedure, the application of which is helpful 
and curative in some cases and unnecessary 
in others. Without the aid of the roentgeno- 
gram, the clinician cannot tell which cases 
require collapse therapy. If statistics in 
tuberculosis are to be of value, it is neces- 
sary that the clinician and the roentgen- 
ologist, as well as the thoracic surgeon, get 
together, speak and understand a common 
language. This will result in the abolition of 
collapse therapy procedures in cases in which 
they are not needed. 

To recapitulate, the roentgenogram is an 
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adjunct necessary to the phthisiologist, fre- 
quent roentgen examinations being necessary 
in all cases of pulmonary tuberculosis. Se- 
rial studies of all types of tuberculosis will 
permit of the division into the four types as 
described. Unless cavitation is present, it 
is difficult to differentiate early the inflam- 
matory types of tuberculosis on a single 
roentgen examination. One should remem- 
ber that all annular shadows are not cavi- 
ties. 
SUMMARY 


Cases of pulmonary tuberculosis clinical- 
ly and roentgenologically can be divided into 
two large groups, the acute inflammatory 
and the chronic productive groups. The first 
group is further subdivided into the exuda- 
tive, the exudative-productive, and the case- 
ous-pneumonic types, the two former be- 
nign, the latter malignant. Each group is 
readily recognized in the roentgenogram, 
particularly if serial studies have been made. 
This grouping of the cases from a clinical 
standpoint refers only to superinfection, and 
does not include the lesion attending the pri- 
mary infection. 

About 40 per cent of all cases of pulmo- 
nary tuberculosis are in the caseous-pneu- 
monic group. With but few exceptions, this 
is the only group in which collapse therapy 
measures are necessary. 
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THE EFFECT OF ROENTGEN RAYS ON THE TIME OF THE 
FIRST CLEAVAGE IN MARINE INVERTEBRATE EGGS 


II. DIFFERENTIAL RECOVERY AND ITS INFLUENCE WHEN 


DIFFERENT 


METHODS OF EXPOSURE ARE USED’ 


By P. S. HENSHAW, Pu.D., C. T. HENSHAW, B.S., and D. S. FRANCIS 
New York City 


From the Biophysical Laboratory, Memorial Hospital, New York City, and the Marine 
Biological Laboratory, Woods Hole, Massachusetts 


RESPONSE in marine invertebrate 

eggs to x-rays presents for examina- 

tion certain questions dealing with the 
effects of radiation on organisms and tis- 
sues. In a study of this response we have 
been concerned to learn something of the 
irradiation effect as a function of the cir- 
cumstances which may govern its expres- 
sion. We have considered separately (1) 
the production of the effect and (2) recov- 
ery from the effect. In a previous report 
(Henshaw, 1932) it was shown that devel- 
opment in the eggs of the sea urchin, 
Arbacia punctulata, is delaved when exposed 
to x-rays before fertilization, and further, 
that recovery takes place following irradia- 
tion. At this time we wish to review the 
previous work briefly, extend it, and com- 
pare it with similar effects produced in other 
organisms. Since recovery may influence 
differential irradiation effects obtained in 
tissues when different methods of exposure 
are used, we wish to discuss some of the 
influences when the time-factor in exposure 
is varied and when the saturation method of 
exposure is used, based on experimental 
data. 

(1) Irradiation Effect—The time in- 
tervening between the moment of fertiliza- 
tion and the onset of the first cleavage is 
noticeably prolonged when the eggs of 
Arbacia are exposed to certain doses of 
x-rays before fertilization. The delay, or 
what may be called irradiation effect, is the 
time required for cleavage in the irradiated 
eggs over and above that required for con- 


1Part I—Recovery from X-ray Effects in Arbacia Eggs. 
Am. Jour. Roentgenol. and Rad. Ther., 1931, XXVIT, 890- 
898, 


trols or non-irradiated eggs. The amount 
of irradiation effect produced in each case 
was found to depend upon the amount of 
radiation administered. 

(B) Recovery. — While carrying out 
numerous experiments to determine the con- 
ditions under which the irradiation effect 
could be produced, it was found that the 
amount of delay caused was not only a func- 
tion of the quantity of radiation given but 
also of the time intervening between irra- 
diation and insemination of the egg samples. 
In other words, the effect was less marked 
if time elapsed between exposure and meas- 
urement of the effect. To illustrate, if a 
sample of eggs was irradiated and divided 
into two parts, one of which was insemi- 
nated at once and the other at a subsequent 
time, the latter invariably showed less irra- 
diation effect: Thus it was found that re- 
covery took place. 

(C) Former Results —In Figure 1 are 
plotted the data for one of the experiments 
presented previously.” The abscissa shows 
time in minutes from the moment irradia- 
tion ended, and the ordinate the effect in 
minutes of cleavage delay (semi-logarithmic 
scale). The curves, therefore, show the ef- 
fect at any time after irradiation for dif- 
ferent exposure. _ Parallel 
straight line curves have been drawn 
through the experimental points which fit 
about as well as any that could be drawn. 
The curves, sloping downward, show the 
loss of irradiation effect, or recovery. If 
parallel straight line curves actually charac- 


amounts of 


2Similar results have been obtained during two other 
spawning seasons since these data were obtained. 
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terize the recovery process here, certain 
things are evident about the rate at which it 
takes place. First, it is constant (straight 
line curves on a semi-logarithmic scale) and 
second, it is the same for any degree of 
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that recovery takes place, they do not show 
when it begins, a point of importance for 
certain As_ indicated in 
Figure 1, recovery is in progress imme- 


considerations. 


diately after irradiation and at the same 
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receiving different amounts of exposure (semi-logarithmic scale). 


shaw, 1932. 


effect produced (parallel curves). Whether 
this the 


process, can be established fully only by ex- 


specific condition characterizes 
tensive experimentation; since the data fit 
so well, however, it may be used as a close 
approximation, if not an exact description, 
of the process. 

Although the curves in Figure 1 show 


160 


Curves showing the loss of irradiation effect in Arbacia eggs after 


From Hen- 


rate in each case, whether the exposure has 
been of 5 minutes or of 60 minutes dura- 
Thus it would seem that the effect 


tion. 
produced during the first 5 minutes in the 
sample receiving 60 minutes’ exposure 


would have recovered during the next 55 
minutes in the same way as did the effect 
produced in the sample which received only 
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5 minutes’ exposure.’ Similarly, it would 
appear that recovery began as soon as any 
effect was produced and that the effect was 
increased only by being produced faster 
than recovery took place. To determine 
whether or not recovery actually took place 
during exposure a special experiment was 
performed; by this, it was found that 1f the 
duration of exposure was prolonged eight 
times, dosage remaining the same, the effect 
was definitely less (20 to 40 per cent). 
Thus, in cases in which the exposure time 
was longer, part of the effect was lost. 
From this, it is evident that recovery did 
take place during exposure. 

(D) Effect as a Function of Dosage.— 
In an attempt to follow the complete reaction 
it is desirable to plot the effect as a func- 
tion of dosage. Data for such a plotting 
are at hand by referring to Figure 1 and 
taking, for instance, the values indicated by 
the curves intersecting the ordinate axis. 
These values show the degree of effect ob- 
tained with different exposures when deter- 
mined immediately after irradiation, and 
have been plotted in Figure 2, Curve A.* 
Such a curve will be called an effect curve, 
to distinguish it from the recovery curves 
already discussed. Since recovery has been 
shown to occur during exposure, it is clear 
that the effect curve would be modified by 
this factor. Also, it is clear that recovery 
during exposure has caused the curves in 
Figure 1 to lie closer to the abscissa and 
closer to each other than they otherwise 
would.’ In order to understand the nature 
of the effect curve better it was obtained by 
another method. 

‘The procedure followed in the experiments was as_ fol 
lows: A large collection of eggs was obtained and carefully 
prepared for exposure. ‘These were placed under the x-ray 
tube and exposure was begun at once, At intervals of 0, 
5, 10, 20, 40, and 60 minutes samples were removed, Upon 
removal, each was further divided into eight parts, one of 
which was inseminated immediately and the others in turn 
at intervals of 10, 20, 40, 60, 80, 120, and 160) minutes 


after the first. For further information on procedure, meas 
urement of effect, etc., see Henshaw, 1932. 


It should be borne in mind that the curves in Figure 1, 
because of their specific character, have the same relation 
ship to each other throughout. Curve A, Figure 2, would 
accordingly have the same shape no matter from what point 
along the abscissa in Figure 1 the values are taken, when 
expressed on a percentage basis, 


w 
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A large collection of eggs was obtained, 
prepared for irradiation, and divided into 
several parts. These were placed at differ- 
ent distances from the source of radiation 
and all were exposed for the same length 
of time (90 minutes); also, all were in- 
seminated at the same time at the end of 
The 


which resulted from varying the distance 


irradiation. intensity of radiation 
from the source, caused the various samples 
to receive different quantities of radiation. 
Hence, the time during which recovery 
could take place while irradiation was going 
on was the same for all samples. The re- 
sults for a sample experiment are shown in 
Figure 2, Curve B. 

By comparing Curves A and B, certain 
things may be designated. Curve A has a 
point of maximum curvature near the be- 
ginning, a characteristic which appeared in- 
variably in a series of experiments carried 
out for the express purpose of determining 
whether this was an artefact.’ Curve B, on 
the other hand, shows a more gradual rise. 
That Curves A and B should be different is 
fact that the 
methods of treatment in each case differed 


significant in view of the 


only in duration of exposure. 

For Curve A the samples were irradiated 
for different lengths of time. Accordingly. 
since the intensity of radiation was kept 
the 
since (according to Figure 1) the rate of 


constant during entire exposure and 


recovery appears to be the same for any 
degree of effect produced, relatively less re- 
covery must occur in those samples receiv- 


ing the shorter exposures. For Curve B, 


5In the previous report, the abseissa in some of the figures 
showed “minutes after irradiation began” rather than “‘t 
utes after irradiation ended,” as is the case 
a plotting spread the curves apart in accordance 
duration of exposure in each case It had the 
movirg them bodily to the right, the ores for the 





nere 
Ww ith 
effect of 


longest 


exnosures being moved the farthest It is obvious that the 
adjustment was only an approximation, Since, however, the 
plotting seemed more nearly the actual condition and since 


only the slope and shave of the curves were being discussed 
then, it was used. It should be voted that moving the 
bodily up or down or to the right or left, does not 


their shape or slope. 








curves 
change 


These experiments were performed by irradiating a col 
lection of eggs, removing samples after receiving different 
intervals of exposure, and inseminating at upon re 
moval, a procedure essentially the same as that used in de 
termining Curve A, 


once 
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recovery must be relatively the same in each 
sample since all were irradiated for the same 
length of time. By superimposing Curve A 
on Curve B (see broken line curve, Figure 
2), the data are seen to support this thesis. 
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ing to that shown in Figure 1, have been 
attached, which indicate the residual effect 
at different times after exposure when cer- 
tain degrees of effect have been produced.” 

With the aid of Figure 3 it is possible to 




















T T T T T T T T 
b> ° 
60 FS . 4 
<7 
a 
® 
wo 
- ° 
= 
40-5 4 
o 
= 
e ° 
3 
& 
Ral 
20}+* 4 
Roent. 
Y jRoentgens | , jRoentgens | , 
z 3 3, 0 1 2 3s x 10* 
20 40 60 Minutes Exposure 


Fig. 2. Curves showing irradiation effect as a function of dosage. 


As seen, the curves differ mainly in those 
parts determined by the smaller doses, the 
parts which received the greatest difference 
in duration of exposure in the two cases. 
The samples used for Curve A, which re- 
ceived the shorter exposures, actually show 
greater irradiation effects for equal doses. 
It seems, therefore, that the greater curva- 
ture of Curve A may be accounted for by 
saying that less recovery took place in those 
samples receiving the shorter exposures. 
(E) Effect and Recovery Curves Joined. 
—Thus far we have considered indepen- 
dently recovery following irradiation and 
the production of the irradiation effect un- 
der certain conditions. Since recovery is a 
function of time and the irradiation effect 
a function of dosage, which can be ex- 
pressed in terms of time, both can be plotted 
together on the same scale. Effect Curve 
A, being determined in terms of time, was 
plotted as shown in Figure 3, where the 
abscissa gives time in minutes from the 
moment irradiation began and the ordinate 
irradiation effect in minutes cleavage delay. 
Recovery curves, having slopes correspond- 


follow the complete process. Radiation is 
administered and a certain irradiation ef- 
fect, cleavage delay, is produced as a result; 
then, beginning immediately, the effect be- 
comes less, apparently following the loga- 
rithmic curve as a function of time. 

(F) Cleavage Delay in Other Marine 
Invertebrate Eggs.—Having found that 
cleavage is retarded by irradiation and that 
recovery begins at once after exposure in 
one form of invertebrate eggs, it is of inter- 
est to investigate the same processes in other 
forms. For this the eggs of Chetopterous 
pergamentaceus, Nereis limbata, and Cum- 
ingia telenoides were used. The experi- 
mental procedure was the same as that used 
for Arbacia. Eggs were exposed to the 
radiation and the resulting delay (when 
present) was measured at different intervals 
after irradiation. The variety of mortality 
and cleavage delay effects observed was 
striking, but can be mentioned only briefly 


In case of the actual experiment, the whole figure would 
be shifted to the right by an amount corresponding to the 
normal cleavage time, a factor which, so far as we know, 
is a constant and does not modify the irradiation effect in 


any way. 
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here. For Cheetopterous, the lethal dose 
(around 50,000 roentgens) was given with- 
out producing a change in cleavage time. 
Delay was caused in Nereis eggs but the 
lethal dose was so low (around 7,000 roent- 
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(G) Differential Recovery and the Time 
Factor in Irradiation.—Having found that 
recovery takes place during irradiation in 
one form and not in another, it appeared 


that the amount of differential effect might 
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Fig. 3. Figure showing how the irradiation effect is produced as a function 
of time, intensity of radiation remaining constant, and how recovery proceeds 
when various degrees of effect have been produced. 


gens) that the effect could not be investi- 
gated to any extent. 

In Cumingia eggs, however, cleavage de- 
lay was produced in much the same way as 
in Arbacia eggs; hence, it was possible to 
test this material for recovery. A number of 
such tests were performed but no evidence 
for recovery was found. Thus, recovery 
from the same irradiation effect produced in 
two similar forms does not take place in the 
same way, a relationship which may be 
spoken of as differential recovery. 

The effect curve for Cumingia eggs is a 
straight line (see Fig. 4+), which indicates 
that the effect obtained is proportional to 
the amount of radiation given. It is signif- 
icant that, in cases in which recovery was 
found not to take place following irradia- 
tion, the curve obtained should have this 
shape. It suggests that the irradiation 
effect produced in Arbacia eggs is propor- 
tional to the amount of radiation given, but 
that the recovery factor acting during ex- 
posure causes the observant effect to be less 
as the time of exposure is increased. 


be controlled by regulating the duration of 
exposure. The following experiment was 
performed. 

Three samples of each type of eggs were 
prepared for irradiation. One of each was 
taken to the source of radiation and placed 
at a considerable distance from the tube 
where the intensity of radiation was low. 
Exposure was begun at once and lasted 150 
minutes. A second pair of samples was ir- 
radiated during the last 30 minutes of this 
period but at a distance where it received as 
much radiation in 30 minutes as the first 
pair received in 150 minutes. All samples, 
including the third pair as controls, were in- 
seminated at the end of irradiation and the 
amount of cleavage delay was determined. 
The results obtained are shown in Table I. 

For Cumingia eggs equal amounts of ra- 
diation, whether administered over a longer 
or shorter period of time, produced approxi- 
mately the same effect. For Arbacia, how- 
ever, the effect was markedly less in the 
sample which received the longer exposure. 
The percentage relationships obtained with 
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the two methods of exposure are shown in 
parentheses. 

It should be stated that considerable va- 
riation in results was obtained for different 
experiments, due mainly to the experimental 


TABLE I 


- | Irradiation Effect in 
Minutes Cleavage Delay 


s Exposure = Arbacia _ __Cumingia 3 
30 min. 21 (100) 11.5 (100) 
150 min. 12 ( 57) 12.5 (108) | 


procedure used. In considering the influence 
of the time factor it was important to have 
as widely different exposure times as possi- 
ble for the two intensities of radiation used 
and at the same time make the duration of 
the higher intensity exposure as short as pos- 
sible to keep the experiment from becoming 
Thus by 
the 


cumbersome and uncontrollable. 
shortening the duration of exposure 


maximum irradiation effect obtained was 
made small. Accordingly, the percentage 


experimental variation was large. Despite 
this, however, the results tended definitely 
to show the effect indicated by Table I. 
The experiment illustrates how it is pos- 
sible to control the amount of differential 
effect obtained by regulating the duration of 
exposure. If Arbacia eggs are to be spared 
and the Cumingia eggs destroved, the ex- 
posure should be spread over a long period 
of time. This allows recovery to take place 
in Arbacia eggs so that the tolerance dose is 
not reached and exceeded as would be the 
case in Cumingia eggs, in which no recovery 
takes place. On the other hand, if Arbacia 
eggs are to be destroyed and the Cumingia 


eggs spared, the best results will be obtained 
by using very high intensities, for Arbacia 


eggs are more radiosensitive when recovery 
is not allowed to take place. 

In clinical radiotherapy the same princi- 
ples may apply. Suppose, for instance, that 
the normal tissues behaved like Arbacia eggs 
and the diseased tissue which is to be de- 
stroyed like Cumingia eggs, favorable re- 
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sults would be obtained only when the ex- 
posure was extended over a long period of 
time. Conversely, if normal tissues behaved 
like Cumingia eggs and the diseased tissue 
the most favorable re- 
sults would be obtained with shorter ex- 


like Arbacia eggs, 


posures. It should be clear, therefore, that 
the duration of exposure which will give the 
most favorable results depends upon the 
relative rates of recovery in the tissues irra- 
diated. 

There are cases on record indicating that 
better clinical results have been obtained 
when low intensities and long exposures 
were used.” It is suggested that this may be 
due to the conditions of recovery in the tis- 
sues involved rather than to the conditions 
of mitotic rate, as has been suggested pre- 
viously. 

(H) Differential Recovery and the Satu- 
ration Method of Exposure.—The idea that 
recovery from irradiation effects takes place 
in organisms in a definite way is not new. 
Barr and Bovie (1923) found in irradiating 
Amebze with ultra-violet light that more ir- 
radiation was required to produce cytolysis 
and death when divided doses were used. 
Kingery (1920), in studying the skin ery- 
thema, found also that more radiation could 
be given by allowing time for recovery. He 
suggested that recovery probably varies di- 
rectly with the rate of disappearance of a 
hypothetical photochemical product. For 
certain work he assumed that the degree of 
effect was dependent upon the concentration 
of such a substance and that recovery fol- 
lowed a logarithmic curve. The rate of re- 
covery in the skin was determined by finding 
how long it was necessary to wait after a 
full erythema dose had been given before 
an additional half erythema dose could be 
given without producing an additional ef- 
fect. This was found to be three and one- 
half days. Then by adjusting a logarithmic 
curve to pass through this point he was able 


®See Regaud, C., and Ferroux, R.: Strahlentherapie. 1929, 
XXXI, 495, and Juul, J.: Acta Radiologica, 1930, Xi, 226. 
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to predict how much residual effect was 
present at any time and what fraction of an 
erythema dose would be required to bring 
the effect up to 100 per cent, or to “satura- 
tion.” Kingery’s curves, reproduced here 
(Fig. 5), illustrate this process. They indi- 
cate that half an erythema dose must be 
given every three and one-half days in or- 
der to maintain the effect (erythema) at 100 
per cent, or that three-fourths of an erythe- 
ma dose must be given every seven days. 
Pfahler (1926) and em- 
ployed the saturation method in the treat- 
ment of tumors, assuming that the impor- 
tant thing was to get in more radiation. As 


others have 


a rule, however, discussions dealing with the 
saturation method have not considered re- 
covery in the diseased tissue. It should be 
clear that if recovery takes place in the tu- 
mor tissue as rapidly as it does in the normal 
tissues, no advantage would be gained by 
using the saturation method of exposure in- 
stead of the massive dose method. Whether 
an advantage will be gained depends spe- 
cifically upon the relative rates of recovery 
in the tissues concerned. The diagram, Fig- 
ure 6, makes this clear. Suppose three irra- 
diation effects are produced, one of which 
recovers 25 per cent, another 50 per cent, 
and the other 75 per cent in a period of 
three and one-half days. Then, if recovery 
follows the logarithmic curve in each case 
and if saturation is maintained in the one 
which recovers 50 per cent in the specified 
interval, the effect for the other two re- 
sponses would mount and fall as shown by 
the broken and dotted line curves, respec- 
tively. Thus it is seen that added effect is 
obtained only in the irradiation response 
which recovers more slowly than the one 
maintained at saturation. For this reason it 
is essential to know the relative rates of re- 
covery for skin (normal tissues in general ) 
and diseased tissue in order to know wheth- 
er better results will be obtained by using 
the saturation method in radiotherapy. So 
far as we are aware, no attempt has been 
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made to determine the relative rates of re- 
covery from irradiation effects produced in 
tissues; there is only the inference which 
can be drawn from Pfahler’s clinical obser- 
vations. He has reported that more favor- 
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_ Fig. 4. Curve showing irradiation effect as a 
function of dosage for Cumingia eggs. 


able results were obtained in cancer therapy 
when the saturation method was used; this 
being true, it follows that recovery in the 
tumor tissues must have been slower than in 
the normal tissues. 

There are on record a number of experi- 
with 


results obtained 


divided doses of radiation. 


ments presenting 
Some indicate 
that the same effect is obtained whether the 
dose is divided or given all at once. Nota- 
ble among these are the following: Spear 
(1931), observing the damaging effects of 
radiation on tissue cultures of choroid and 
sclera of fowl; Patterson (1931), observing 
mutation rate in Drosophila; and Ancel and 
Vintemberger (1925), observing destructive 
effects produced on hens’ eggs before incu- 
bation. More, however, have observed that 
less effect was obtained when divided doses 
Ancel Vintemberger 
(1925), observing destruction in hens’ eggs 
after incubation began; Ancel and Vintem- 


were given: and 


berger (1928), observing destructive effects 
on Rana fusca; Ancel (1928), measuring 
linear growth in lentil roots; Crowther, ob- 
serving mortality in the protozoan Colpi- 
dium, and Arntzen and Krebs (1925), ob- 
serving growth reduction in Pisum plantlets. 
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These experiments are mentioned in sup- 
port of the idea that recovery may or may 
not take place after irradiation. This should 
encourage the investigation of recovery in 
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marine invertebrate eggs can be measured 
at different times after irradiation, the per- 
sistence of an irradiation effect in living 
material could be studied. 
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Fig. 5. Kingery’s curves showing the maintenance of saturation of a certain 
effect in human skin. 
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tained at saturation. 


human tissues in order that the factor may 
be properly considered and used advanta- 
geously in clinical radiotherapy. 


SUMMARY 


1. Since a certain response to x-rays in 





Fig. 6. Curves illustrating how the irradiation effect would be maintained for 
two responses when one recovers faster and the other slower than a third main- 
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2. In Arbacia, recovery was found to 
begin immediately after irradiation and pro- 
ceed at a fixed rate. Further, the recovery 
process was found to be in progress even 
during exposure. 

3. In Cumingia, recovery did not occur, 
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thus presenting a relationship, so far as the 
two organisms are concerned, of differential 
recovery. 

4. Experiments were performed to de- 
termine the influence of differential recovery 
when the time-factor in irradiation is varied. 
It was found that differential irradiation 
effects can be controlled to some extent by 
properly adjusting the duiation of exposure. 

5. It was pointed out that the possibility 
of obtaining more favorable results in clin- 
ical radiotherapy by using the saturation 
method of exposure depends upon the rela- 
tive rates of recovery of the normal and 
tumor tissues rather than the “getting-in” 
of more radiation. 

Acknowledgments.—The writers wish to 
express their indebtedness to Dr. G. Failla 
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TRIBUTE should be paid to a group 

of American physicians and surgeons 

who have laid the foundation of a new 
type of therapy in medicine. These men, 
working independently and without the aid 
of organized support, established the ther- 
apeutic value of radium in the treatment of 
cancer and of various benign dermatologic 
and surgical conditions. 

Radium was discovered by Mme. Curie at 
the end of the nineteenth century. In 1901, 
Henri Becquerel inadvertently acquired a 
chest burn due to the storage of some pure 
radium in his waistcoat pocket. Radium 
therapy had its inception from this famous 
“Becquerel burn.” Shortly afterward Pierre 
Curie applied a small amount of radium to 


” 


his forearm to note how it affected human 
tissues. Slowly the potentialities of this 
powerful “chemical” agent became manifest 
as the radiated area passed through the 
stages of swelling and erythema to ulcera- 
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tion and finally to healing. The French 
physicians readily recognized the possibili- 
ties of radium therapy and soon several re- 
ports were published about its remarkable 
activity. The first scientific announcement 
to the world was made by Chéron in 1909 
at the Académie de Médecin. 

As the news of this substance spread 
throughout the scientific world, American 
physicians abroad returned home with 
stories of miraculous cures and the marvel- 
ous powers of this mysterious agent—ra- 
dium. Impressed by the reports of their 
Kuropean colleagues, several American phy- 
sicilans bought small amounts of radium. 
Robert Abbe (New York), Francis H. 
Williams (Boston), William H. Morton 
(New York), and Howard A. Kelly were 
the first of such early purchasers. It was 
Dr. Howard A. Kelly who, by virtue of his 
scientific studies, his published works, and 
his zealous defense against all ignorant op- 
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ponents of radium, led to the establishment 
of a new department in medical therapeusis 
—that of radium therapy. He justly de- 
the title of “Father of Radium 
Therapy” in America. 

The beginning of the twentieth century 


serves 


was the ideal time for presentation of ra- 
dium to the medical world. The diagnosis 
of cancer was established; its anatomic and 
In spite 
for 


microscopic basis was recognized. 
of the numerous radical operations 
malignant conditions, recurrences were fre- 
quent. Surgeons were quick to recognize 
that radium would fill a need—it would act 
in cases in which the scalpel and the human 
eve could not. 

The remarkable early reports by Kelly, 
Abbe, and Morton stimulated their Amer- 
ican colleagues to investigate the virtues of 
this new agent. It was presented at a time 
when Europe was engaged in a world con- 
flict—foreign physicians could not give to 
it as great consideration as they normally 
would have done; nevertheless, we must not 
forget the works of Chéron, Louis Wick- 
ham, Regaud, Doderlein, Soddy, and Ruth- 
erford. The work of American surgeons 
who took up the burden of investigation of 
this problem is noteworthy and their results 
form a monument of American ability and 
endeavor. 

The readers of this historical sketch will 
be interested in the report of cases treated 
as early as 1905, the manner of treatment, 
the 
studied the progress of their cases. 


investigators 
The 


following is culled from Dr. Morton’s pri- 


and care with which 


vate notebook. 


“Miss L. V., age 22, May 17, 1905 About 
one year previous to this date, patient noticed 
a swelling about the size of a walnut in the 
region of the upper third of the humerus. In 
six months the growth gradually increased to 
the size of a lemon. Accidentally striking her 
arm against a hard object, a fracture occurred 
at the site of tumor. Patient went to a hospital 


where part of growth was removed and pro- 
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A large tumor recurred at 
the site of incision. Pathologic examination at 


nounced cancer. 


the Post-graduate Hospital, New York, was 
sarcoma. The patient had emaciated rapidly, 
had 
cachexia, and her skin was of a yellowish and 


lost her appetite, presented extreme 


sallow hue. No hope whatever was enter- 
tained of saving her life but as a last resort 
amputation of the arm at the shoulder was 
proposed. This was rejected both by the 
mother and patient. | possessed a glass tube 
of radium chloride containing 100 milligrams 
of an estimated activity of 20,000. I inserted 
the radium within the tumor and placed the 
patient in the Post-graduate Hospital. The 
tube remained continuously within the wound 
Within five weeks the 
patient had gained seven pounds and was able 
to dispense with the splint which she had worn 


constantly with heavy bandages. At the end of 


for about six weeks. 


three months the wound, after discharging 
less and less freely, was nearly healed. At- 
tendant points of interest are the utter hope- 
lessness of relief by other measures. This was 
evident in the x-ray of the humerus before 
treatment, showing the radium embedded in 
the tumor and a recent x-ray showing the 


healed humerus.” 


Dr. Morton reported this case nine years 
after the radium treatment. Incidentally, 
he was one of the first to implant radium 
within a tumor. This method of interstitial 
radium therapy is now a much used process 
in cancer surgery. 

As is true with every new medical dis- 
covery, radium appeared in the beginning to 
be of value in almost every clinico-patho- 
logic condition. W. H. ( Pitts- 
burgh) reported on the value of radium in 
alveolar pyorrhea. Frank I. Simpson (Chi- 
cago) addressed the Dermatology Section 
of the American Medical Association in 
1913 on the startling results obtained by the 
use of radium in the treatment of angioma, 
Dr. Frederick 


Cameron 


lupus, psoriasis and keloid. 
Proescher published scientific reports on the 
intravenous injections of radium salts and 
the relief this medication gave in rheuma- 
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tism, gout, arthritis deformans, and hyper- 
tension. ‘‘Radium in Internal Medicine, Its 
Physiological and Pharmacological [ffects”’ 
was investigated by L. G. Rowntree and 
W. A. Baetjer, and their report published.’ 
Dr. Francis H. Williams and Dr. S. W. 
Ellsworth published an excellent article on 
“The Treatment of Superficial Newgrowths 
by Pure Radium Bromide” in the journal 
“Radium.” 

It is interesting to note that Dr. Abbe, an 
extraordinary and skillful surgeon, a pioneer 
in many of the developments of modern sur- 
gery, should also have become the earliest 
and greatest exponent of surgery’s antithesis 
Dr. Abbe, early in 1905, 


obtained a small amount of radium from 


—curietherapy. 


Mme. Curie, which he carefully, though 


hesitatingly, used in many conditions. His 
observations and deductions as to the value 
of radium show high scientific ability. The 


following are his notes on one of the first 
cases treated in America: 


“In December, 1905, I was confronted by 
a case of extreme anemia from fibroid menor- 
rhagia in which it seemed unwise to operate. 
The patient, a physician’s wife, was 44 years 
old. Under ether I curetted and introduced a 
glass tube containing 50 milligrams of pure 
radium bromide for ten minutes. She progres- 
sively improved, menstruated normally, and 
recovered her health. In one year the tumor 
was perceptibly smaller. During the following 
year, | applied radium again on one occasion 
for forty-five minutes and on another for ten 
minutes, thus feeling my way along carefully 
to ascertain the safe and efficient dosage. The 
patient has remained in perfect health ten 
years. It will surprise only those who have 
not witnessed this energetic action of radium 
to know that so small a tube of this powerful 
agent can exert a restraining alternative force.” 


With his total of 100 milligrams of ra- 
dium, Dr. Abbe diversified its applications 
to all fields of surgery. He invented many 


‘Jour. Am, Med Assn., 1913, LXI, 16, 
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ingenious devices for the application of 


He 


was among the first to distinguish between 


radium to various organs of the body. 


the therapeutic effects of beta and gamma 
rays. As the surgeon to the Babies’ Hos- 
pital he successfully treated numerous an- 
giomas, lymphangiomas, and pigmented 
Dr. Abbe, the kindly Professor of 
Surgery at the New York Post-graduate 
Hospital, was a keen judge, always ready to 
The kindli- 


ness of this man toward his fellow-workers 


nevi. 


recognize the new and apply it. 


is shown by the following note: 


“I was impressed by the large proportion of 
this noble body of workers (roentgenologists ) 
who had suffered from all degrees of roentgen 
injuries, from simple hyperkeratoses to ampu- 
tation of one or more fingers of one hand or 
both. type of 


severe injury of the hands of one of the pio- 


One physician, illustrating a 


neers and foremost authorities in roentgen 
work, came to me two years since with both 
hands covered with patches of thick epitheli- 
oma and crusted skin, cracked and sore, com- 
pelling him to use gloves and cerates for even 
decent comfort. During several years he had 
forestailed the dangerous second stage by hav- 
ing surgeons excise and skin graft several 
parts. At last he was disheartened and refused 
to suffer longer the pain of these treatments, 
the worst of which he thought was carbon- 
dioxide freezing. I loaned him one specimen 
of radium to use, indicating the number of 
minutes for each twenty or thirty areas. The 
result was better than by any surgical method 
he knew.” 


Dr. Abbe died of a persistent anemia. pos- 
sibly the result of long-continued handling 
of radium. He was kept alive for several 
vears by transfusions every three weeks, 
during which time he bore his suffering with 
the greatest cheerfulness and would discuss 
optimistically and interestedly the details of 
his case, 

The activities of Howard A. Kelly in the 
field of radium therapeutics were many. He 
not only was the greatest exponent of the 
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use of radium for uterine pathologic condi- 
tions, but found many other uses for ra- 
dium in the treatment of malignancy of the 
mediastinum, in Hodgkin’s disease, and leu- 


kemia. He was the great defender of ra- 
dium. He negotiated with the Government 


for the American production of radium. He 
stimulated Dr. Parsons and the Bureau of 
Mines engineers to develop an American 
method to isolate radium. He invested 
thousands of dollars of his own to found a 
hospital and radium institute for the treat- 
ment of those who were afflicted with all 
types of malignant diseases. He vigorously 
defended radium against the arguments of 
those opposed to its use, especially Dr. John 
Deaver. Together with Curtis F. Burnam 
he published concise, scientifically detailed 
observations on radium in the treatment of 
gynecologic malignancy. His papers are 
among the classics in medicine. His varied 
activities as pioneer, experimenter, and ad- 
vocate of radium will cause him to be re- 
membered not only as a great surgeon but 
also, as has already been said, as the “Father 
of Radium Therapy” in America. 

Many of the specialists have recognized 
the possibilities of radium in specific lesions 
in various parts of the body. Guttman 
early recommended the use of radium in 
nasal and laryngeal malignancy. Edmund 
W. Clap gave an interesting summary of 
“Progress in Ophthalmology with Radium” 
in 1915. Inthe treatment of genito-urinary 
diseases Winfield Ayres, of New York, was 
the first American physician to implant ra- 
dium through a cystoscope. Closely fol- 
lowing his work was that of Hugh Young, 
of Baltimore, who invented many ingenious 
radium applicators in the treatment of blad- 
der and prostatic malignancies. 
inspired by the classic work of Pasteau and 
Degrais, published excellent papers on the 
value of radiation in prostatic malignancy. 
Dr. J. 
value of radium in genito-urinary malig- 


jarringer, 


sentley Squier early recognized the 


nancy: his consideration of the value of 
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suprapubic incision and implantation of ra- 
dium through such a wound showed his 
clinical foresight. 

The development of radium therapy is 
closely interwoven with the progress of 
gynecology during the last decade. Kelly, 
Burnam, Janeway, C. Jeff Miller, and 
Schmitz were the earlier contributors on this 
subject. 

The recognition of the different ther- 
apeutic effects associated with beta and 
gamma radiation made its employment of 
value in dermatology. The studies of Simp- 
son, Fox, Pusey and others have established 
the indications and contra-indications for its 
use in this work. 

On October 26, 1916, at the Rittenhouse 
Hotel, in Philadelphia, a group of about 
twenty-two men organized themselves as the 
American Radium Society, in order to pro- 
mote the scientific study of radium ther- 
apeutics and to seek to maintain a high 
ethical standard among those using it. The 
first president of this Society was W. H. B. 
Aikens, M.B., of Toronto, the vice-president 
Russel H. Boggs, M.D., of Pittsburgh. Some 
of the more prominent active members were 
J. B. Bissell, of New York, nationally 
known surgeon and radium specialist, and 
destined later to become president of the 
Radium Society. Russel H. Boggs had the 
largest radium practice in western Pennsyl- 
vania and was famous for his excellent 
articles on radium therapy while serving in 
the capacity of Professor of Radiology at 
Western Pennsylvania Medical College. 
W. H. Cameron, an early pioneer in radium, 
is now associated in a consulting capacity 
with the Radium Corporation in New York. 
Howard Fox, Professor of Dermatology, 
was interested in radium as it concerned 
diseases of the skin. I. Levin, M.D., was 
prominent for his experimental studies on 
the action of radium. C. Jeff Miller, M.D., 
of New Orleans, later to become president 
of the American College of Surgeons, was 
a zealous advocate for the use of radium in 
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uterine pathology. Frank E. Simpson, who 
founded the Simpson Radium Institute in 
Chicago, was a leader in the use of radium 
in dermatologic practice. Henry Schmitz, 
M.D., to become the third president of the 
Society, was among the first members, as 
well as H. K. Pancoast, M.D., Professor of 
Radiology at the University of Pennsyl- 
vania. These are a few of the famous 
names. 

At this point tribute should be paid to 
W. H. B. Aikens, M.B.(Tor.), the first 
president of the Society. A graduate of the 
University of Toronto, he was the leading 
radium and cancer expert in Canada. His 
studies on the use of radium were manifold; 
his observations were always sound. To 
him and his sincere efforts, I believe the 
American Radium Society owes its success, 
and the fact that it has now grown to be 
one of the finest specialized medical groups 
in the country. 

Closely associated with the growth of ra- 
dium therapy was the growth of cancer hos- 
pitals, great radium centers where all spe- 
cialized treatments could be given. These 
institutions were established in several parts 
of the country, among the earliest being the 
Memorial Hospital, of New York, where a 
scientific group for the study of radium 
therapeutics was developed under the able 
leadership of Dr. Janeway, Dr. Ewing, and 
Dr. Barringer. The accurate clinical ob- 
servations by Dr. Janeway, his development 
of interstitial radiation by needling, and the 
substitution of radium emanation for ra- 
dium were some of the crowning achieve- 
ments in his career. The institution and the 
men he taught constitute a memorial to the 
ability of Dr. Janeway, while his book on 
“Radium Therapy at the Memorial Hos- 
pital” was widely translated and forms a 
part of the scientific literature of the world. 

Philadelphia, always the center of ad- 
vanced medicine, had its cancer hospital 
associated with the University of Pennsyl- 


vania. Here the early workers were Dr. 
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Pancoast, Dr. Clark, Dr. Norris, Dr. Fra- 
zier, and Dr. Pfahler. Dr. Clark and Dr. 
Norris were noted for their classical work 
on “Radium in Gynecology”; Pfahler has 
become famous for his treatment of malig- 
nancies of the mouth. At Jefferson Med- 
ical College there was Dr. Newcomet, 
author of the first American book on ‘“Ra- 
dium Therapy,” always a sincere worker 
and a prolific writer. 

In Boston there is the Collis P. Hunting- 
ton Memorial Hospital, founded by the 
efforts of Harvard’s great surgical master, 
Dr. Warren. There Dr. William Duane, 
formerly of the Curie laboratory, discovered 
the method of collecting radium emanation 
now universally used. Other famous names 
connected with that institution were Dr. 
Robert Greenough, Dr. Ordway, and Dr. 
Bovie. 

Among other early institutions were the 
University of Cincinnati, where the Ranso- 
hoffs did pioneer work in radiation of the 
breast, uterus, and thyroid. The New York 
State Institute for the Study of Malignant 
Disease developed through the tireless ef- 
forts of Dr. Gaylord. The cancer division 
of the City of New York was created by 
Dr. Bissell, who brought back the technic 
for implanting radium needles in cancerous 
growths, a method which he acquired at the 
Radium Institute in London. The work of 
Bissell carried on by Isaac Levin, 
M.D., and, later, by the present chief, Ira I. 
Kaplan, M.D. 

Radium therapy has not always had the 
The 
criticisms of Dr. Deaver at the time of his 
presidency of the American Surgical Asso- 


was 


universal approval it now enjoys. 


ciation to the effect that radium was of little 
use, met with world-wide circulation. The 
denial of this statement from those in sur- 
gery who had experience with this method, 
was equally emphatic. 
Dr. Kelly as a leader in surgery and radium 
In spite of 


The experience of 


therapy was the best rebuttal. 





ws 


these criticisms, radium has retained its 
place in medicine and surgery, its limitations 
and indications have been evaluated, and it 
is now a recognized part of the armamen- 
tarium of the cancer surgeon. 


This, in brief, is the story of the contri- 


THE SCIENTIFIC CONTROL 


By CHARLES WEYL, S. 


INTRODUCTION 


HE progress of the radiologist in his 
attempts to follow the course of dis- 
ease by means of radiographic diag- 
nosis is often impeded because radiographs 
taken at different times in his own labora- 
tory are not comparable. The lack of com- 
parability between films submitted by his 
patient from other laboratories than his own 
and those which he may take under his own 
direction is even more striking. 
There are many variables in radiographic 
processes which contribute to these vexing 


differences. These causes might be grouped 
generally: 


Personal opinions concerning the type 
of radiograph which is diagnostically 


most effective. 


2. Types of x-ray machines. 

3. Size and position of patient. 
4. Types of x-ray tubes. 

5. Intensifying screens. 

6. X-ray films. 

7. Cassettes. 


&. Dark room technics. 
9. Variations of power supplies to x-ray 
machines. 
10. Changes in output of x-ray tube due to 
overloading. 
7A summary of a part of the work conducted at the Moore 
School of Electrical Engineering and the Henry Phipps In 


stitute, University of Pennsylvania, under a research grant 
by the National Tuberculosis Association. 
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butions by American physicians on the uses 
of radium. As is unavoidable in so short 
a summary, many of these great names do 
not receive their due credit, many names are 
omitted, and many interesting subjects are 
not presented. 


RESULTS* 


O'NEILL, 


RADIOGRAPHIC 


For each of these general causes there 
might be listed several contributing factors 
which cause variation in radiographic den- 
sity and radiographic contrast. For ex- 
ample, there might be listed under 


6. X-ray films: 

(a) Variations at any one time be- 
tween the films of various manu- 
facturers. 

(b) Variations with time of the film 
of one manufacturer. 

(c) Variation of film characteristics 

over the area of a film. 


Some of these variables are relatively un- 
important. For example, most x-ray films 
manufactured to-day are found to have 
characteristics sufficiently uniform over the 
area of one film so that no difference is ob- 
servable. Nevertheless, the entire problem is 
extraordinarily complex and may be at- 
tacked only by careful analysis of the rela- 
tive importance of each contributing cause 
for variation and by a standardization of 
procedure which will make possible the con- 
trol of these variations. 

It is the purpose of this paper to submit 
to the radiologist some of the tests which he 
might make in his laboratory to aid him in 
his present problems and to suggest that the 
co-operative collection of data from such 
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tests might provide for a general standard- 
ization of radiographic technic. 

TEST APPARATUS 
electrical testing of 


The 


machines should rightly be accomplished in 


complete 


the well-equipped electrical engineering 


laboratory. Such tests have been made and 
the methods have been described in a paper 
published some time ago.” 

The tests to be described are based entire- 
ly upon the assumption that the radiologist 
is interested chiefly in the radiographic re- 
sults. Therefore, radiographic densit; and 
radiographic contrast are accepted as the 
fundamentals from which variations in re- 
sults are interpreted. 

The photometric density ())) of an area 
of any exposed and processed x-ray film is 
defined as the logarithm to the base ten of 
the ratio of the light intensity incident to 
the area, to the light intensity transmitted 
through the area. The contrast between 
two differently exposed areas of the pro- 
cessed x-ray film is equal to the difference 
in densities of the two areas. From these 
definitions it is clear that the values of den- 
sity and contrast are pure numbers. Since 
the incident light has greater intensity than 
the transmitted light the number represent- 
ing density is always positive. If a film 
transmits 1/10 of the incident light, then the 
density is equal to one. 

Densities of areas of radiographs of parts 
of the human body may vary between the 
limits ) = 0.05 to D = 2.5. 
range of densities of greatest interest to the 
radiologist is from .0=0.15 to D=1.5. 
The tests which are to be described provide 


However, the 


results within this latter range; therefore, 
the methods provided for producing x-ray 
densities and for measuring them will be 
confined to this region. 
The first piece of equipment necessary is 
*Charles Weyl, S. 
Phedran: Methods of Measuring and Recording Roentgen 


ray Tube Currents and Voltages. Am, Jour, Roentgenol, 
and Rad, Ther., December, 1931, XNXVI, 871-877. 


Reid Warren, Jr., and F. Maurice Me- 
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a test object which may be radiographed 
conveniently and which will have always the 
same x-ray absorption characteristics. Many 
workers in the past have found that an alu- 
minum ladder satisfies this requirement and 
it is, furthermore, a simple apparatus to con- 
struct. 
chased cheaply in %-inch plates it is sug- 


Since sheet aluminum may be pur- 


gested that a ladder consisting of eight steps 
from % inch to 1 inch thickness be built out 
of such plates. It is convenient to make 


sach step about 14 inch wide and the ladder 


2 inches wide. Such a ladder provides a 
means of obtaining, under conditions of nor- 
mal radiographic technic, the full range of 
densities discussed above. 

ladder, 
after processing, provide eight film areas of 


Radiographs of the aluminum 
different densities which may be correlated 
with the conditions set up for taking the 
radiograph. It is important to measure the 
densities to an accuracy of about 1 per cent: 
it is not sufficient to compare films by eve 
with the aid of a viewing box. The density 
measurement may be most effectively ac- 
complished by means of a_photo-electric 
densitometer. This instrument consists of 
the source of light, lenses for collimating the 
beam in a direction perpendicular to the 
film, an aperture through which a part of 
the light travels after passing through the 
film, a photo-electric cell mounted directly 
below the aperture, and some kind of elec- 
tric indicating device indirectly to measure 
the light which falls on the photo-electric 
cell. 


a vacuum tube amplifier® or a photo-electric 


Such a densitometer may make use of 


cell which may be connected directly to a 
microammeter. Since it is exceedingly ex- 
pensive to construct a densitometer which 
will measure the absolute value of density, 
it is more economical, therefore, to construct 
a comparative densitometer and to employ 
a calibrated density tablet as a standard. 

8Charles Weyl and S. Reid Warren, Jr.: A Comparative 


Photometric Densitometer for the Measurement of X-ray 
Film Densities Raprotocy, November, 1931, NVIT, 946. 








Such density tablets may be purchased from 
any film manufacturer. It is advisable to 
have one constructed with 15 steps, each 
about one inch square, with densities vary- 
ing linearly from 0.05 to 1.50. The manu- 
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camera. Such a camera may be constructed 
by making a rectangular framework of 
angle brass 5X5 12% inches. Sheet 
lead of thickness 1/16 inch is mounted on 
this framework on all six sides and care- 





Fig. 1. Curves showing radiographic density variations, with developing time 


and with developing temperature, 
ladder. 


facturer in setting out to make such a 
tablet can accomplish his work much more 
quickly if the absolute value of the density 
of each step is not exactly specified. He 
can make easily a 15-step tablet for which 
the difference in density between any two 
successive steps is approximately 0.10 and 
then calibrate the tablet with extreme accu- 
racy. It is quite satisfactory to allow the 
manufacturer to take this more simple 
course, since, so long as the density of each 
step is known accurately, it is not necessary 
for the purposes at hand that the density 
differences steps be 
exactly the same. 

Some means should be provided for mak- 


between successive 


ing routine tests concerning the sizes of the 
focal spots of the various x-ray tubes used 
in the laboratory: it is also important to 
know whether or not the x-rays emanate 
uniformly from the area of the focal spot. 
A partial evaluation of these factors may 
he accomplished by means of a_ pinhole 


for 4, Y%, % inch steps of an aluminum 
Radiographs were made with intensifying screens. 


fully soldered, so that the box is x-ray- 
proof. At the center of one of the smaller 
ends a hole 1 inch in diameter is cut and a 
brass ring soldered in place. The hole in 
the center of the brass ring is 34 inch in 
diameter. Lead plugs of diameter 34 inch, 
with a % inch shoulder at the outside, 
are then constructed with pinholes of 
various size, from 1/32 to 1/16 inch in 
diameter, in the center. These plugs may 
be fitted into the brass ring. At the small 
end of the box opposite the pinhole, arrange- 
ments are made for mounting a piece of 
x-ray film within an envelope of black paper, 
fixing the envelope between two thin pieces 
of bakelite slipping the assembled 
“cassette” into the box. The distance be- 
tween the pinhole and the plane of the film 
is carefully measured. The use of a pin- 
hole film distance of 12 inches provides that 
small errors in the measurement of the dis- 
tance from focal spot to pinhole, which is 
always difficult, will not cause appreciable 


and 
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error in the calculation of focal spot size 
from the pinhole radiograph. By making 
the focal spot pinhole distance 6 inches a 
2-to-1 enlargement of the focal spot may 
be obtained. Enlargements of greater order, 


aluable for determining the energy distri- 
bution of the x-ray source, may be made by 
further reduction of the focal spot-pinhole 
distance. 
hole radiographs must be made with care 


It is to be emphasized that pin- 
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since over-exposure or under-exposure may 
give a false idea of the actual size of the 
focal spot. It is not advisable to rely en- 
tirely upon the results of pinhole radio- 
graphs since a great number of errors may 





Fig. 2. Curves showing — radi- 
ographic density variations with 
x-ray tube cathode current, x-ray 


tube current, x-ray tube voltage, sup- 
ply line voltage and exposure time, 
for 4, “%, % inch steps of an alu- 
minum ladder. Radiographs were 
made with intensifying screens. 


contribute to the false interpretation of re- 
sults. 

A second method of investigating the dis- 
torting effect of the finite size of the focal 
spot consists in radiographing a wire mesh 








“st 


which is fixed at an angle with an x-ray 
film. Further discussion of tests concerned 
with the distorting effect of the focal spot 
will be reserved for a later paper.* 

It is interesting to note that the percep- 
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per cent at a density of 0.5 as a standard 
maximum variation to be allowed in prac- 
tice. Some of the data given below are 
based on the assumption of this maximum 
allowable variation. 
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Figs. 3-dA and 3-B. 
time for two film samples, A and B. 


Film comparison tests. 


film distance 70 inches. 
tion of density differences is affected by a 
number of psychological and physiological 
phenomena. Without considering the de- 
tails, it is sufficient to note that the average 
person with keen vision can perceive a den- 
sity difference of about 5 per cent if the 
areas of different density are contiguous and 
if the borderline is sharp. If there is a 
gradual change of density, if, in other 
words, the korder between the two areas is 
wide, then a greater density difference is 
the 


necessary for perception by average 


person. The values of these perceivable 
differences may be influenced by so many 
factors concerned with size, shape, and posi- 
tion of the two areas, the color and intensity 
of light in which the areas are viewed, and 
the personal characteristics of the individual 
who observes that it seems sufficient for the 
moment to choose a density difference of 10 


*Dr. Willem Bronkhorst has investigated many radiographic 
problems concerned with radiographic density. contrast, and 
distortion in his book entitled, “Contrast and Sharpness in 
Radiographs.” An English translation of this book is in 
process of preparation 











Variation of 
X-ray tube current 200 ma., voltage 80 K.V.P., 
Intensifying screens were used 











radiographic density with exposure 


focal spot- 


To summarize, then, the instruments re- 
quired for the experiments to be described 
are an aluminum ladder, a_photo-electric 
densitometer with a standard density tablet, 
and a pinhole camera for radiography of 
It should be emphasized 
that if the tests are to be continued over a 


focal spot images. 


considerable length of time and if it is de- 
sired that the results be comparable over the 
whole period, then a cassette and an asso- 
ciated pair of intensifying screens should be 
used for this purpose only, as standards. 
Perhaps it is worth while to note that high 
quality screens, not of the highest speed 
available, are most likely to maintain con- 
stant intensification over long periods. If 
it is possible, one x-ray tube should be re- 
served for the tests and used for nothing 
else. If these precautions are taken, then, 
if there is change in radiographic result 
which appears to be caused by changes in 
screen output or in tube output, the use of 
the standard screens and the standard tube 
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will make possible the identification of the 
cause of such changes. 


THE CONTROL OF DARK ROOM TECHNIC 


It is absolutely necessary carefully to con- 


RADIOGRAPHIC 
DENSITY 
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Figs. 4-4 and 4-B. 


Film comparison tests. 
sity with x-ray tube voltage for two film samples, A and B. 
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obtained as the results of single tests, with a 
particular type of film and screen. The re- 
sults, therefore, are not to be interpreted 
as general, but simply as specimens repre- 


senting the test methods described. 
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Variation of radiographic den- 
X-ray tube cur- 


rent 200 ma., exposure time 6 half cycles (1/20 second), focal spot-film distance 


70. inches. 


trol all steps in the processing of x-ray fi:m 
if radiographic tests are to be used as 
standards. Accurate control of the time and 
of the temperature of development is ex- 
tremely important. [Experiments have been 
performed to determine how much variation 
of these two factors is allowable, assuming 
the maximum density variation of 10 per 
cent. Ten radiographs of an aluminum lad- 
der were made on one film, the radiographic 
technic being the same for all radiographs: 

X-ray tube voltage—80 K.V.P. 

X-ray tube current—200 ma. 

Exposure time—6 half cycles (1/20 sec- 

ond) 

Focal spot-film distance—70 inches. 
Of these ten undeveloped radiographs, five 
were separated and processed individual- 
ly with different developing times from 
4 to 6 minutes at 65 
maining five were also processed separately, 


Fahrenheit. ‘The re- 
while the time of development was main- 
tained constant at 5.5 minutes and the tem- 
perature of the developer was varied from 
59° to 73) 


in curve form in Figure 1. 


Fahrenheit. The data are given 
These data, and 


all those given in the following pages, were 


Intensifying screens were used. 


It may be inferred from these data that 
it is advisable to maintain the temperature 
of the x-ray film developer constant to 
+ 04° F. and that the time of development 
should remain constant to + 25 seconds if 
it is desired that these two factors produce 
no observable density difference. 

It is practically impossible to maintain 
constant output in the dark room simply by 
changing the time of development in propor- 
tion to the number of films previously de- 
veloped. It is imperative to provide a 
closer control over this part of the general 
Dr. Dr. 
Newell’ have described a method of making 


processing. Chamberlain and 
radiographs of an aluminum ladder, of cut- 
ting strips from the undeveloped film and 
developing them successively at various times 
throughout the life of the developer, to de- 
termine the changes in density caused by de- 
veloper fatigue. By combining this method 
with the the 
accurate measurement of density it is posst- 


use of a densitometer for 


ble to maintain the output within satistac- 


5W. E. Chamberlain and R. R. Newell: Development of 
Roentgen Films: A Method of Determining the Potency of 
the Developer. Am. Jour. Roentgenol. and Rad. Ther., May, 
1930, NNITL, 549-552. 
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tory limits. If the dark room is partic- 
ularly busy, it is suggested that such tests 
may be made about twice a day; otherwise, 
they may be made once a day or three times 
a week as experience will teach is necessary. 

After the film is developed it is removed 
from the solution and rinsed. Since each 
film carries along a certain amount of the 
developing solution which is washed away 
by the rinse water, it is important that the 
developing solution so lost be replaced by 
fresh developer. However, it is equally im- 
portant not to add large quantities of fresh 
developer since there might result a sudden 
change in density and contrast qualities of 
the films being processed at the time of this 
addition. It is suggested, therefore, that 
fresh developer be added routinely about 
once every hour and carefully stirred to as- 
sure complete mixture of the fresh with the 
old solution. 


THE EVALUATION OF VARIATIONS IN 
ELECTRIC CIRCUIT IN TERMS OF 
RADIOGRAPHIC DENSITY 


THE 


It is well known that changes in x-ray 
tube voltage, x-ray tube current, and time 
of exposure will produce variations in the 
radiographic result. A change in x-ray tube 
voltage is generally caused by a change in 
line voltage. A change in x-ray tube cur- 
rent may be caused by variations in the 
cathode current which, in turn, is a result 
of change of line voltage or by instability of 
the x-ray tube. Small variations in the time 
of exposure may generally be charged to 
mechanical or electrical deficiencies of the 
timer. It is inconvenient at present to 
arrange for the accurate measurement of all 
of these electrical quantities for each ex- 
posure. However, experiments have been 
performed to determine what changes in 
these quantities perceptible 
changes in radiographic density, and the re- 
sults are given graphically in Figure 2. 
The data indicate that the several factors 


will cause 
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must vary within the limits shown in Table 
I, if the variation of a single factor is to 
cause no perceptible radiographic difference. 

Once more it is emphasized that these re- 
sults describe one particular set of experi- 
mental conditions. It would be of great 
value to obtain such data from many labora- 
tories for complete analysis. 

By watching carefully the prereading 
voltmeter of the x-ray machine, the readings 
of a ballistic milliammeter connected in 
series with the x-ray tube anode, and the 
readings of the cathode ammeter, it is possi- 
ble to correlate density variations with 
changes in values of these electric quantities, 

It is particularly interesting to make 
twenty or thirty radiographs of the alu- 
minum ladder under supposedly identical 
conditions, to process the films at the same 
time, and to measure the densities of all 
steps of all the films. The results of such 
tests may be plotted for each step of the 
aluminum ladder to the variation 
which might be expected under normal con- 
ditions. Such results will aid considerably 
in the evaluation of subsequent tests. The 
range of densities obtained for any partic- 
ular ladder step represents a sort of “figure 
of merit’’ for the complete radiographic in- 
stallation with a particular x-ray tube, film, 
and intensifying screens. 


show 


EFFECT OF THE VARIATION OF FOCAL 
SPOT-FILM DISTANCES 


It has been clearly demonstrated that over 
a range of densities from 0.15 to 1.5 the 
radiographic density obtained varies in- 
versely as the square of the distance from 
the focal spot to the film if all other tech- 
nical factors are kept constant. Outside of 
these limits other factors become important. 
At densities greater than 1.5 many x-ray 
films saturate so that the density variation 
does not follow the inverse square law. Be- 
low a density of 0.15 the processing fog 
may invalidate this law. 
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TABLE I 








Varying Factor 





Allowable Variation for 10 
per cent Change in Radi- 
ographic Density 


Desired Value of 
Varying Factor 


a ee 


4.00 amperes 











| 

| 

X-ray tube cathode current + 0.015 ampere | 
X-ray tube current + 12.5 milliamperes 200 ~=milliamperes 
X-ray tube voltage igs fa ONS 8o KVP: i 
Supply line voltage + 2.25 volts 220 ~—srvoits I 
Exposure time = 0.0025 second 0.05 second | 
+ 0.3 half cycle 6 half cycles 





THE COMPARATIVE TESTS OF X-RAY FILMS 
AND OF INTENSIFYING SCREENS 


The experiments described below are easy 
to perform and provide a general though not 
a complete comparison of films and screens. 
For the experiments one set of x-ray in- 
tensifying screens should be used for the 
comparison of various x-ray films: similar- 
ly, for the comparison of various intensify- 
ing screens, one type of film should be used 
throughout the experiments. Otherwise the 
tests are similar and it is necessary only to 
describe the film tests to make clear the en- 
tire process. 

For each sample of x-ray film to be 
tested, it is advisable to make a series of two 
experiments. For the first set the controlled 
variable factor is the time of exposure. A 
technic is chosen to provide a density of 
about 1.00 for the half-inch step of alu- 
minum. To illustrate by an example, re- 
sults are reproduced in Figure 3 of a test 
wherein this technic was 80 K.V.P., 200 
ma., 6 half cycles, 70 inches. With the 
machine fixed at the setting for 80 K.V., 
200 ma., radiographs were taken successively 
for exposure times of 2 half cycles, 4, 6, 8 
and 12 half cycles. <A_ ballistic milliam- 
meter was read for each exposure and the 
radiographs were made on one piece of film. 
The same test was made on a piece of film 
of another type, the two test films being pro- 
cessed at the same time, the densities for 
each step for each radiograph being care- 
fully read by means of a_photo-electric 


densitometer. For each step a curve was 


made by plotting as abscissas the exposure 
time in half cycles and as ordinates the 
densities. 

A second test is made by using the x-ray 
tube voltage instead of the exposure time 
as the variable factor. This test is more 
difficult to control accurately and therefore 
the curves which are drawn represent less 
accurately the true conditions. The results 
of the voltage tests are shown in Figure 4. 
The actual points representing each curve 
in both sets of diagrams are clearly marked 
to show this variation. The general con- 
clusions to be derived from these tests are: 

1. Film A gives greater density by about 
25 per cent for most technics within 
the limits of the data. 


bo 


Film B offers considerably more con- 
trast (of the order of 20 per cent) in 
the radiography of thin parts. 

The complete detailed analysis of such 
data is complicated. Much further work 
will be undertaken in order to clarify this 
important subject. 

The uses of these simple tests are many. 
It is possible to evaluate the variation in the 
manufacturers’ output from month to 
month by making these tests regularly. 
Figure 5 shows the results of such a test 
over a period of three months. 

Perhaps it is much more important to em- 
ploy these tests to compare the sample films 
presented by salesmen in their efforts to ob- 
tain new business. The radiologist should 
certainly be the judge in the question of 
what x-ray film he uses, and it is of con- 
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siderable value to provide for him a simple 
method of determining scientifically which 
film is best adapted for his purpose. If he 
can find time to perform such experiments, 
he will no longer be at the mercy of salesmen 
who show him test films taken under condi- 
tions of which he has no knowledge. 
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Fig. 5. Test of variation of manufacturer’s film 
output. X-ray tube voltage 80 K.V.P., current 200 
ma., time of exposure 6 half cycles (1/20 second), 
focal spot-film distance 70 inches. Intensifying 
screens were used. 


No considerable amount of work has been 
done to show how tests of this nature may 
be interpreted in terms of diagnostic value 
of radiographs of parts of the human body. 
There is a considerable field for research 
which must be covered thoroughly before 
this problem can be completely solved. 
However, it is believed that if a number of 
radiologists make tests of this type and if 
they collaborate by carefully collecting and 
analyzing their results, a helpful standardi- 
zation may be accomplished. 

Comparative tests of intensifying screens 
may be carried out in exactly the same man- 
ner. The general roentgenologist often de- 
cides to use one type of intensifying screen 
and one type of film for all of his radio- 
graphic work. It seems quite likely, how- 


ever, that by careful analysis of experi- 
mental data he might find tnat the use of 
two or three types of film an 1 two or three 
types of intensifying screens would make 
possible the segregation of certain types of 
radiography in such a way that better re- 
sults might be obtained. 


X-RAY TUBES 


It has been suggested that the combined 
use of a pinhole camera and a wire mesh 
might provide full information concerning 
the distorting factors of x-ray tube focal 
spots. The details of such investigations 
will be left for future consideration. Never- 
theless, it is important to note at this point 
the advisability of making routine pinhole 
radiographs of all of the tubes generally 
used for clinical work. If these radiographs 
are made once every month, it is possible 
to discover changes in the size and shape of 
the focal spot and changes in its output due 
to overloading. In order to obtain the least 
possible radiographic distortion it is best to 
employ the x-ray tube at its maximum 
capacity. Therefore, it is quite probable 
that overloading may occur occasionally. 
Under these conditions it is particularly im- 
portant to examine the focal spot routinely. 


MACHINES 


When the radiologist desires to purchase 
an x-ray machine he is concerned with the 
problem of discovering what he may buy 
with the money available which will be most 
satisfactory for his particular purpose. The 
data generally provided to him consist of 
catalogue sheets describing the apparatus 
and containing photographic reproductions 
of parts of the equipment. Very often he 
is given a demonstration at the salesroom 
of a particular manufacturer. If the dem- 
onstration gives films of a type with which 
he is not familiar, he is in no position to 
pass judgment. The tests which have been 
described above provide that he may take 
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with him to any demonstration his own 
cassette and intensifying screens, his own 
film, and his own aluminum ladder. He 
may then watch carefully while radiographs 
of this ladder are made under his direction 
and he may take the films back to his own 
dark room for processing. <A series of such 
tests made with various machines in which 
he is interested would provide him with con- 
crete facts to aid him in making a choice. 
If the machines are constructed with entire- 
ly dissimilar circuits, then comparison may 
no longer be made between the test films. 
This important matter will be discussed be- 


low. 


VARIOUS TYPES OF RADIOGRAPHIC MACHINES 
AND THE PERSONAL FACTOR IN THE 
DETERMINATION OF RADI- 
OGRAPHIC TECHNIC 


All of the large radiographic machines 
available fall into three electrical 
classes: (1) Single-phase, 4-valve equip- 
ment; (2) three-phase, 6-valve equipment ; 
(3) condenser discharge equipment. The 
wave forms of the x-ray tube voltage and 
x-ray tube current differ for each of the 
three types. Since the quality of the x-ray 
output is a function of these wave forms, 
the radiographic density and contrast ob- 
tained with the three systems differ consid- 
erably—differences which are so great that 
there is no possible accurate correlation of 


now 


data upon which a fair comparison can be 
There are three different types of 
Since 


made. 
radiograph which may be obtained. 
x-ray machines are quite expensive, it is 
difficult to discover which type of machine 
may be most satisfactory for all kinds of 
work and for all roentgenologists. In fact, 
it is quite likely that no such choice can be 
made. 

Each radiologist decides 
what technic produces the film which he 
considers diagnostically most valuable. It 


for himself 
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is quite well known that different radi- 
ologists prefer different types of films for 
the same part of the human body. 

These two problems form a_ stumbling 
block to the progress of scientific standard- 
ization of x-ray technic and it is obviously 
impossible to sweep them aside by choosing 
arbitrarily a machine and a technic which 
are to be called “‘best.”” Once more, the 
most effective procedure appears to be the 
accumulation and correlation of the data ob- 
tained by many men in an effort to find out 
the opinions of the majority and the merits 
of these opinions. 


CONCLUSIONS 


It is hoped that a large number of radiol- 
ogists will attempt to employ the tests de- 
scribed for two purposes: (1) To aid them 
in controlling variations within their labora- 
tory which cause them difficulty in diag- 
nosis; (2) to collect data which may be 
analyzed for the purpose of standardizing 
radiographic technic. 

In connection with this last purpose one 
more simple experiment might easily be put 
into effect. It is generally possible to 
arrange that the x-ray beam directed to 
about one square inch near a corner of each 
film be unobstructed. A two-step aluminum 
ladder, with steps 1% and 34 inch thick, can 
be fixed in position in the cassette holder 
over the area of the film. For every radi- 
ograph which is taken, there will be a record 
of density and of contrast in terms of these 
aluminum step thicknesses which may be 
compared with other films. This compari- 
son may be made not only between films of 
a given type taken in one laboratory, but the 
results of several laboratories may also be 
compared. The analysis of the electrical 
problems concerned with radiography would 
be considerably facilitated by the collection 
of such data from a number of laboratories 
throughout the country. 











PATHOGENESIS OF ACUTE SILICOSIS’ 
By R. POMERANZ, M.D., Newark, NEw JERSEY 


ROM a series of a hundred cases ex- 
amined, this study is based on the 
autopsy findings of five cases from 

two pulverizing plants in New Jersey, all 
cases showing acute silicosis or silico-tuber- 
culosis. Further, this paper includes a short 
résumé of experimental data derived from 
the exposure of guinea pigs to the silica dust 
obtained from the above-mentioned plants. 
In these plants large machine-driven mills 


bags. The dust masks which are provided 
are used by the workmen more as ornaments 
than as protection. The ventilation system 
is poor. The manufactured silica powder is 
of such fine quality (a large percentage of 
its particles being smaller than a micron) 
that it is used as an adjunct in scouring 
powders and cleansing pastes. 

Duration of Exposure.—From the hun- 
dred cases examined, 15 were white men, 





Fig. 1. Interstitial and nodular fibrosis, 5 years’ 
exposure. 


are used for the grinding of the stones. 
30th white and colored men, working ten 
hours a day, are employed; their duties, 
apart from the actual work, include the 
cleansing of the machines and the tapping 
off of the walls, to remove any adherent 
dust. A further hazard is experienced in the 
bagging rooms, where dust is unavoidably 
thrown into the atmosphere from faulty 


Read before the Radiological Society of North America 
at the Eighteenth Annual Meeting, at Atlantic City, Nov. 28- 
Dec. 1, 1932. 


Fig. 2. Acute interstitial and nodular fibrosis, 
one and one-half years’ exposure. (Plate by Dr. 
S. Greenwood.) 


three were colored women, and the rest 
were colored men. The time of exposure 
ranged from three months to three years. 
The superintendent, a white man, though 
working there for a number of years, was 
less exposed than the others (Fig. 1). 
Chemical Analysis of the Powder.—Two 
samples of powder, containing 98.5 per cent 
free silica, SiO., and 0.5 per cent soluble 
silicates, were submitted for examination; 
the one labelled “coarse” showed a range of 
particles from two to twenty micra, and the 
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other, “fine,” showed a range from below 
a micron to three microns. 


REPORT OF AUTOPSY CASES 


Subjective findings common to all cases 
were shortness of breath (pronounced on 
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larged and increased in density and are part- 
ly fused with the infiltrated areas of the 
lungs. Apices and bases are comparatively 
free, with no evidence of focal infiltration 
suggestive of tuberculosis. The infiltration 
in the involved areas of the lungs showed a 





Fig. 3. Photomicrograph of tis- 
sue from case shown in Figure 2. 
(A) Central arteriole; (B) Silico- 
tic nodule; (C) Thickened alveo- 
lar septa. 


exertion), loss of weight, non-productive 
cough, occasional pains in the chest (tran- 
sient in nature), occasional night sweats, 
and rising temperature. Those cases com- 
plicated with tuberculosis had hemoptysis. 

Clinical Findings.’—Restricted chest ex- 
pansion, dullness over both hilus regions, 
rough breathing, with occasional rales over 
both central lung fields. 

Case 1. G. V., colored male, 24 years 
old; worked in the plant one and a half 
years; date of x-ray examination May 8, 
1929; date of death Jan. 4, 1930. 

X-ray Findings (Fig. 2).—There is uni- 
form fibrous infiltration of both upper lobes 
and of right base mesially. Both hili are en- 


%Courtesy of I. Gluckman, M.D. 


Fig. 5. Photomicrograph of an 
enlarged silicotic nodule with dust 
particles in the tissues. (A) Fine 
silica dust particles smaller than 
one micron; (8B) Fibrous cells 
forming the silicotic nodules. 


network formation composed apparently of 
fused nodules. 

Autopsy Findings.—The left lung is large 
and well hardened by embalming. Over the 
posterior surface of the lower lobe is a small 
amount of fresh fibrin. The lung is of pe- 
culiar light brownish-gray color. On cut 
section it exudes a small amount of frothy 
but not blood-stained fluid; on pressure, the 
hilus nodes are large, some being three cen- 
timeters in size, and show, on section, the 
same brownish color. There is no tubercu- 
losis of the lung, no primary effect, no re- 
infect. On close inspection of cut surface 
with hand glass there is seen to be marked 
fibrosis of the hilus, with grayish streaks 
radiating into the lung parenchyma. There 
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Fig. 4. Hilar infiltration (left), possibly due to 
reactivated tuberculosis after exposure to silica dust. 


The 
findings in the right lung are the same as in 
the left. Cause of death: acute silicosis. 
Microscopic Findings (Fig. 3).—There is 
general interstitial and nodular fibrosis, with 


is no noticeable anthracosis present. 


accumulation of dust particles, smaller than 
a micron in size, in the nodules. Most of the 
latter are fused with the neighboring ones 
to form large units. The fibrous nodules 
show different stages of regressive hyaline 
changes, and are situated as a rule around 
the small arterioles. Small lymphocytic in- 
filtration can be seen around the nodules 
and the bronchi. No anthracotic pigment 
can be noted in the septa. The alveoli be- 
tween the nodules are either compressed or 
widely dilated. The interstitial septa are 
thickened. 

Case 2. J. M., colored male, 20 vears old; 
worked in the plant fourteen months; date 
of x-ray examination Aug. 17, 1929; date 
of death, May 1, 1930. 

X-ray Findings (Fig. 
marked enlargement of the left hilum shad- 


4).—There is 


ow, with increased markings radiating cen- 
trally. The rest of both lung fields is free. 
The findings are suggestive of an early hilar 
infiltration, probably of tuberculous origin. 
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interstitial 


nodular 


Fig. 6. Advanced hilar and 
fibrosis, 3 years’ exposure. 


Autopsy Findings.-—Left lung: “Carni- 
fied adhesions over both pleural cavities. 
Hilus 
nodes enlarged and of a mottled bluish-gray 


Large cavities in left upper lobe. 


color. Left upper lobe is almost entirely de- 
stroyed by a large cavity six inches in size, 
composed of gravish eroded masses of lung 
tissue in which the section of bronchial tree 
and pulmonary vessels, many of which are 
thrombosed, can be seen. Upper part of 
lower lobe shows numerous discrete com- 
municating cavities, one-half to one inch in 
size, with a grayish chronic exudative and 
acinous tuberculosis.” Right lung: ‘The 
whole upper lobe is solid with chronic pro- 
ductive and with a 
small cavity formation. Middle lobe is the 
Lower lobe shows discrete areas of 


acinous tuberculosis, 


same. 
chronic tuberculosis. Cause of death: pul- 
monary tuberculosis, silicosis.” 

Microscopic Findings.—These are char- 
acteristic of caseating tuberculosis. Hilus 
nodes are packed with silica dust particles 
(Fig. 5). 

Case 3. J. M., colored male, 52 years old; 
worked in the plant three years; date of 
x-ray examination Aug. 16, 1929; died early 
in 1930. Specimen of the lungs for histo- 
logic examination was sent to Dr. Martland. 

X-ray Findings (Vig. 6).—There is svm- 


3Courtesy of H. S. Martland, M.D. 
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Fig. 7. Photomicrograph of tissue from case 
shown in Figure 6. Note anthracotic pigment 
around nodule. (A) Silicotic nodule; (B) An- 
thracotic pigment. 


metrically general fibrous infiltration of both 
lung fields, more pronounced at the left base. 
The hili are enlarged and increased in den- 
sity. The pulmonary markings are dense, 
showing nodular infiltration with network 
formation. The diaphragm shows restricted 
respiratory movements. Apices are free. 
The bases show increased aeration. 

Microscopic Findings (Fig. 7).—There 
is fibrosis similar to that in Case 1, with an- 
thracotic infiltration of the interstitial septa. 
There is no evidence of tuberculosis. 

Case 4. J. McC., colored male, 27 years 
old; worked in the plant two years; date of 
x-ray examination Jan. 15, 1930; date of 
death May 14, 1930. 

X-ray Findings (Vig. 8).—There is gen- 
eral, mostly interstitial, fibrosis of both 
lungs, more pronounced on the right side. 


Fig. 9. Photomicrograph of border of a nod- 
ule surrounded by anthracotic pigment. Note 
difference between dust particles and surrounding 
pigment. (4) Anthracotic pigment; (B) Fibrous 
wall of nodule; (C) Silica dust particles. 


Both hili are increased in density. Apices 
and bases are free. 

Microscopic Findings (Fig. 9).°—There 
was present nodular and interstitial fibrosis, 
as in Cases 1 and 3. 

Case 5. G. McR., colored male, 50 years 
old; worked in the plant for two years; date 
of x-ray examination Nov. 13, 1929; died 
in 1930. 

X-ray Findings (Fig. 10).—There is in- 
filtration of the upper third of the right lung 
field extending towards and involving the 
right hilum. Increased fibrous markings ex- 
tend towards the right base and the left cen- 
tral lung field. The left side of the dia- 
phragm is elevated. There is an aortic 
shaped heart. 

Microscopic Findings (Fig. 11).°—There 
was present fibrous tuberculosis of the right 
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Fig. 8. Advanced interstitial and hilar fibrosis. 


upper lobe, with silicotic nodular and inter- 
stitial fibrosis of the other lobes. 


CHEMICAL ANALYSIS OF LUNGS IN CASES OF 


SILICOSIS* 
Ash in Silica Silica in 
Control DryLung inAsh DryLung 
eee: 4.03% 7.75% 0.31% 
_| Ener 8 bs 7 13.00% 0.66% 


J. M. (Case 2) 37.20% 2.45% 
J. M. (Case 3) . 40.60% 3.29% 
J. McC. (Case 4)........ 6.17% 29.30% 1.81% 
G. McR. (Case 5)........ 6.94% 30.30% 2.10% 





Comment on X-ray Findings——Com- 
menting on the above five cases, the x-ray 
findings show an advanced stage of fibrosis, 
except in the instance of Case 2. Referring 
to Cases 1 and 3, both of which showed 
nodular infiltration, a differential diagnosis 
of disseminated tuberculosis comes to an is- 
sue. It will be noted that the shadows in 
chronic tuberculosis are, as a rule, change- 
able in size in the same individual and are 
irregularly distributed, whereas those in 
acute silicosis are more symmetrically dis- 
tributed and are rounded rather than stel- 
late. In the silicotic cases the apices and 
bases show the least involvement on the 
x-ray films. Furthermore, I am of the opin- 


‘Courtesy of Dr. Gershenfeld. 
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Fig. 10. Fibrous tuberculosis, right upper lobe, 
with acute interstitial fibrosis, 2 years’ exposure. 


ion that a small part of the interstitial fibro- 
sis evident at autopsy cannot be visualized 
on a film, due to the physical property of 
the organ. 

Case 2 illustrates a rapidly re-activated 
tuberculosis as a result of exposure to the 
silica dust. 

The first signs in an early involvement 
(Fig. 12) are enlarged and dense hili, usual- 
ly symmetrical on both sides. The x-ray 
film alone, in this phase, is not conclusive 
of the diagnosis, unless supported by a his- 
tory of exposure to silica dust, due to the 
fact that the appearance of a normal hilum 
shadow is still a moot question. In the tu- 
berculous hilum we usually find the more 
predominant involvement of one side, to- 
gether with irregular calcifications. 

The next phase in the x-ray appearance 
(Fig. 13) is a uniform haze of the central 
lung fields, together with enlarged and 
dense hilar shadows. This, in my opinion, is 
strongly suggestive of an acute occupation- 
al fibrosis predominantly interstitial. These 
findings, together with a positive history of 
exposure to silica, lead to a definite diagno- 
sis of early interstitial silicosis. In the fur- 
ther progress of interstitial fibrosis a fine 
network of pulmonic markings can be seen 
on the plate with uniformly distributed nod- 
ules, as above described; some single, some 
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fused. As the fibrosis progresses further we 
see the nodules scatter symmetrically in both 
central lung fields, occasionally more pro- 
nounced on the right side. They are numer- 
ous, from pin-head size to the size of the 
head of a match. The apices are usually 
free. The bases often show increased aera- 
tion due to compensatory emphysema. 

In two of our cases we were able to fol- 
low the progress of the fibrosis by subse- 
quent x-ray examinations. The first of 
these was W. V., colored male, 56 years old, 
father of G. V. (Case 1 above). He worked 
in the pulverizing plant with his son for 
about a year and a half and gave up his 
occupation in 1928. He was given an x-ray 
examination in that year (Fig. 14) and 
again in April, 1932 (Fig. 15). While the 
findings on the first plate resemble those of 
his son, the second plate shows large con- 
cretions of fibrosis, with shrinkage in the 
upper lobes. It would be difficult to rule 
out tuberculosis from the second plate alone. 
He is in a fairly good clinical condition, ex- 
cept for dyspnea on the slightest exertion. 
A similar progress of the fibrosis can be ob- 
served in the second case. The patient is a 
mechanic, N. E., white, male, 59 years old, 


‘SS 


Fig. 12. Hilar enlargement, with early inter- 
stitial fibrosis. 





Fig. 11. Photomicrograph showing formation of 
nodular fibrosis around small arteries. (A) Arterial 
wall; (B) Fibroblasts. 


who worked in the plant for ten months, re- 
pairing the machines. During that time he 
was exposed to a massive dose of the dust 
to such an extent that in this relatively 
short time he developed such a pronounced 
interstitial fibrosis (Fig. 16) that he was 
unable to continue his work. He was 
given an x-ray examination again nineteen 
months later (Fig. 17), which film shows 
a marked progress of the hilar and intersti- 
tial fibrosis corresponding with the increased 
dyspnea of the patient. 

Any of the above described phases of 
fibrosis may be associated with tuberculo- 





Fig. 13. Haze over central lung field indicating 
interstitial fibrosis. 



















Fig. 14. Advanced interstitial and nodular 
fibrosis, one and one-half years’ exposure. (Plate 
by Dr. S. Greenwood.) 


sis, either active or inactive. The former 
could be seen in the form of apical cavities, 
with focal infiltration, soft in appearance, or 
in the form of a less active fibrous tubercu- 
losis involving the upper part of the lung 
field. Sometimes only calcifications can be 
seen either in the hilum or in the lung 
fields, indicating an inactive type of the as- 
sociated tuberculosis. The interesting find- 





Fig. 16. The patient is a mechanic with 10 
months’ exposure. Note advanced hilar and in- 
terstitial fibrosis. 
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Fig. 15. Same patient as shown in Figure 14, 
four years later. Note progress of fibrosis after 
cessation of exposure. 


ings of a reactivated tuberculosis as a re- 
sult of exposure to silica dust was referred 
to above in Case 2. 

Microscopic Findings.—In a typical case 
the predominant feature in the histologic 
findings is the interstitial fibrosis, with for- 
mation of silicotic nodules from 2 to 3 mil- 
limeters in size, of a laminated fibrous 
structure, situated around the central arte- 


Fig. 17. Same patient as shown in Figure 16, 
19 months after cessation of the 10 months’ ex- 
posure. Note progress of the process. 
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riole. Some of them are single, while others 
are fused together to form large complexes 
of fibrous tissue. In the nodules residual 
elastic fibers can be seen. Most of the nod- 
ules are packed with silica dust particles less 
than a micron in size. The interstitial septa 
between the nodules are thickened, while the 
alveoli are compressed. Round-cell infiltra- 
tion can be noted around the vessels and 
around the bronchi. The areas of the lungs 
which are not fibrosed show thin and wid- 
ened alveoli, due to compensatory emphy- 
sema. The above-described findings of pure 
silicosis may be modified by anthracotic pig- 
ment, situated around the (cf. 
Case 3). 

We wish to point out that the silicotic 
nodules are situated around the arterioles as 
a rule. We will elaborate on this subject 
later, describing the results gained through 
our experiments. 

Correlation of X-ray and Microscopic 
Findings.—It is evident that the early phases 
of fibrosis causing enlargement of hilar 
nodes due to excessive drainage and block- 
age of the lymph centers, will be visualized 
easily on the plate by the enlarged hilar 
shadows. However, the early interstitial 
fibrosis can be recognized first by the above- 
described haze over a part of ‘the central 
lung fields, which is accompanied by an in- 
crease in pulmonic markings. It can be un- 
derstood easily from the description of the 
microscopic findings that the interstitial 
fibrosis is a very fine process and that parts 


nodules 


of the fibrosed lung tissue are superimposed 
over parts of over-aerated lung tissue. That 
explains why, when projected on the x-ray 
plate, part of the fibrous pulmonic tissue is 
lost and overshadowed by the over-aerated 
pulmonic structures. Therefore, as I stated 
above, a part of the interstitial fibrosis is 
lost in the projection. That is, an x-ray film 
(of even an advanced case) of the fine in- 
terstitial fibrosis does not do the subject 
justice, which means that in interpreting 
films of this character we have a right to 
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Fig. 18. Box in which Guinea pigs were exposed. 
The dust was kept in suspension by a motor-driven 
agitator. 


conclude that the actual interstitial fibrosis 
is comparatively more advanced than vis- 
ualized on the plate. We do not see the 
smallest nodules; we see only the larger ones 
caused by fusion of several smaller nodules. 


EXPERIMENTAL DATA® 


A number of guinea pigs were subjected 
for six hours a day for a period of twelve 
weeks to the fine dust. Placed in a box (see 
Fig. 18), they were exposed to the dust, 
which was kept in suspension by means of 
a motor-driven shaker. After such expo- 
sure, they were fed and allowed to run in 
a normal manner. 

Animal No. 1 was autopsied four weeks 


5Preliminary report. 
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Fig. 19. Photomicrograph of tissue of Guinea 
pig No. 1, bronchopneumonic type of interstitial 
infiltration. (A) Large artery; (B) Interstitial 
pneumonic type of infiltration. 


after exposure. At that time the gross find- 
ings in the lungs were several patches of in- 
filtration, which microscopically showed a 
bronchopnetmonic type of interstitial infil- 
tration, mostly around the large bronchi, 
consisting of large mononuclear cells (Fig. 
19). 

Animal No. 2 was autopsied after ten 
weeks of exposure to the dust. 
there were only white streaks found in 


Grossly 


some of the lobes, microscopically seen to 
consist of a large mononuclear fibroblastic 
infiltration around the small arterioles (Fig. 
20). 

Animal No. 3 was autopsied four months 
after exposure had ceased. It will he noted 
from Figures 21 and 22 that the process of 
nodule formation has not only started but 
shows in the former a progress, inasmuch 
as one can see the central arteriole with 
periadventitial infiltration, thickening of the 


Fig. 20. Photomicrograph of tissue, Guinea 
pig No. 2, fibroblastic infiltration around an ar- 


teriole. (A) Wall of arteriole, cut obliquely; 
(B) Fibroblasts. 


intima, together with splitting of the arte- 
rial wall. In Figure 22 one can see a cellu- 
lar nodule with a peripheral, thickened 
arteriole. 

Animal No. 4 was autopsied eight months 
after the exposure had ceased. In Figure 23 
one sees a number of nodular formations, 
similar to those described above, scattered 
irregularly through the lung. It is to be 
noted that in practically every case the in- 
filtration is around either a peripheral or 
central arteriole. 

Animal No. 6 was autopsied twelve 
months after the exposure had ceased. The 
nodules are scattered over both lungs ir- 
regularly. The fibroblastic cells are smaller 
and of increased density, indicating a prog- 
ress in the fibrosis. 

A number of rats were also used in the 
experiments. By means of intravenous in- 
jection of suspended silica sand, each rat 
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Fig. 21 (upper left). Photomicrograph of tissue, Guinea pig No. 3, central arterial with periadventitial 
infiltration and splitting of arterial wall. (4) Thickened arterial wall; (8) Fibroblastic infiltration. 

Fig. 22 (upper right). Photomicrograph of tissue, Guinea pig No. 3, cellular silicotic nodule with 
peripherally thickened arterial wall. (4) Peripheral arteriole; (8) Cellular silicotic nodule. 

Fig. 23 (lower left). Photomicrograph of tissue, Guinea pig No. 4, showing multiple cellular nodules 
with central or peripheral arterials. (4) Cellular silicotic nodules; (8) Arterioles located at the periphery 
of the nodules. 

Fig. 24 (lower right). Photomicrograph of tissue of rat, showing bronchopneumonia similar to that 
of Guinea pig No. 1. (A) Bronchus; (B) Lymphocytic and fibroblastic infiltration. 
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Fig. 25. Photomicrograph of silica particles to 
which both men and Guinea pigs were exposed. 
The coarse range from 3 to 20 microns 
(X 1,000). (A) Silica dust particles below one 
micron; (B) Coarse silica dust particles. 


was given 2 milligrams of the fine variety 
per injection. Six injections were made for 
each rat over a period of eight weeks. It 
will be seen from Figure 24 that the lungs of 
those animals which were moribund follow- 
ing the third injection, showed an intersti- 
tial bronchopneumonia similar in every re- 
spect to that of Guinea pig No. 1. Eight 
months following the cessation of the injec- 
they 


tion several 


showed bronchopneumonic foci in some 


rats were autopsied; 


places in an advanced stage of fibrosis, 
while in other places there was necrosis. 
There was no nodule formation and no in- 
terstitial fibrosis. 

Correlating the above facts with the nor- 
mal physiological conditions we know that 
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Fig. 26. Photomicrograph of silica particles to 
which both men and Guinea pigs were exposed. 
The fine range from 0.25 to 2 microns (X 1,000). 
(A) Silica particles smaller than one micron; 
(B) Silica particles larger than one micron. Note 
the relatively large amount of silica particles be- 
low one micron in this sample called “fine.” 


the lining of the nasopharynx, and of the 
bronchi and bronchioli, is an efficient dust 
filter, so that the air which reaches the al- 
veoli is practically dust-free. Under certain 
pathologic conditions, this situation changes. 
For example, the efficient dust filter of the 
upper respiratory tract is broken down by 
the small dust particles which produce in- 
fectious desquamative changes of the cells 
lining the bronchioli, impairing their func- 
tion. This explains why a large amount of 
the dust reaches the alveoli. 

The dust particles entering the alveoli are, 
in the case of workmen, partly expectorated 
in the sputum. The remaining larger part 
is phagocytized. The leukocytes carrying 
called dust cells—wan- 





the dust particles 











POMERANZ: PATHOGENESIS OF ACUTE SILICOSIS 


der through the lymphatics to the glands, 
some of them reaching the tracheobronchial 
glands. Due to the chemical and co!loidal 
properties of silica many of the leukocytes 
are killed before they have reached the 
glands. When the overloaded lymphatic 
vessels become blocked they burst, throwing 
off the free silica into the perilymphatic 
spaces, accompanied by small arterioles. 
The dust particles, once deposited here, 
cause fibroblastic changes, with lymphocytic 
infiltration forming the early changes of 
dust granuloma, as shown by the experi- 
ments. They grow by additional fibroblastic 
infiltration, followed by regressive changes. 
The wall of the arteriole around which the 
dust granuloma has formed—later called 
“silicotic nodule’’—-constantly undergoes 
further regressive changes. A large propor- 
tion of the actual dust particles can be seen 





in the nodules. 

From the akove facts it is evident that 
only a part of inhaled silica dust can be 
eliminated, the bulk of it entering the alveo- 
li and, phagocytized, stays both in the lungs 
and in the glands and continues its toxic 
(chemical and colloidal) effect on the 
tissues. 

Further, we are of the opinion that the 
amount and size of the nodular formation 
is directly dependent upon the amount of 
silica inhaled. It is apparent that tubercu- 
losis can complicate an interstitial fibrosis, 
but cannot be considered a primary factor 
in the formation of the fibrosis. 

Summarizing the data obtained from 
both the experimental and autopsy findings, 
it has been shown how quickly an interstitial 
fibrosis can develop after a short but mas- 
sive exposure to the finest dust of high free 
silica content, warranting the name “acute 
silicosis.” Such a term is purely relative to 
the so-called chronic type which takes from 
three to fifteen years to develop. The term 
“acute” is also warranted, for the reason 
that the once established fibrosis shows a 
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rapid progress, even after cessation of the 
exposure. 


CONCLUSIONS 


1. X-ray and microscopic findings have 
been presented from a large series of rap- 
idly developed interstitial fibrosis. 

2. It has been shown that the silica dust 
particles below one micron and containing 
98.5 per cent of free silica are deposited in 
the interstitial lung tissue and in the glands. 
The fibrosis should be considered as a de- 
fense reaction on the part of the body 
against the toxic (chemical and colloidal) 
properties of the silica which cause loss of 
vital lung capacity. 

3. The experiments have shown the ex- 
tent of the toxic action of the silica, espe- 
cially on lung tissue. They have also shown 
that the fibrosis is progressive and irrepar- 
able, a fact which was also observed on the 
serial roentgenograms of the living subjects 
after they gave up their occupation. 

4. Microscopic findings in one case 
(Case 2) and the x-ray findings in others 
demonstrate that acutely reactivated tuber- 
culosis may result from exposure to silica 
dust. 

5. Every patient with established  sili- 
cosis should be compensated by law, the 
amount of the compensation to depend upon 
the extent of the involvement. In connection 
with this fact it may be mentioned that a 
great deal of work has yet to be done in 
establishing a proper classification of. sili- 
cotic involvement in relationship to com- 
pensation. 

6. No workman showing even the earli- 
est signs of a beginning silicosis should be 
allowed to continue in the dust-laden at- 
mosphere. 

The author is greatly indebted to Dr. 
H. S. Martland and his laboratory staff for 
their generous help in the preparation of 
this material. He also wishes to express his 
appreciation to Dr. I. Gluckman for his co- 
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operation in regard to the clinical data in 
these cases. 
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visualize the cavities of the uterus and 

Fallopian tubes in roentgenograms, 
long before Rubin described his tubal pa- 
tency test by means of transuterine insuffla- 
tion. Douay (1) gives credit to Le Lourier, 
who, in 1912, was the first to test the pos- 
sibilities of the procedure, using a solution 
of colloidal silver. Cary (2), in 1914, and 
Rubin (3), in 1915, working independently 
of each other, utilized a 10 per cent collargol 
solution. The roentgen plates were not en- 
tirely satisfactory, making them difficult to 
interpret, and the injected medium caused 
For a number of 


G issalze attempts had been made to 


considerable irritation. 
years, no further similar research was pub- 
lished. In 1922, Duvergey and Dax (4) 
reported the injection of silver nitrate into 
the bladder for the purpose of visualizing 
a salpingovesical fistula. The delineation 
was excellent, but the instillation of this 
medicament into the peritoneal cavity is cer- 
tainly undesirable. Kennedy (5), in 1923, 
and Schober (6) later advocated the use of 
20 per cent sodium bromide. The films 
thereby secured were good, but the chemical 
excited severe reactions, so that this method 


was soon discarded. Stone (7) tried 1-1000 
hot bichloride and iodine (no percentage 
stated) for the transuterine determination 
of tubal patency and corroborated his find- 
ings by laparotomy. In England, Williams 
and Reynolds (8) employed emulsions of 
barium sulphate and bismuth, respectively, 
taking films 24, 48, and 72 hours later. The 
results, insofar as visualization was con- 
cerned, were excellent, but the method 
proved impractical because of non-absorp- 
tion of the contrast medium and the patho- 
logic changes which followed. 

It was not until 1925 that the use of 
iodized oils was suggested. Carlos Heuser 
(9) reported his results at that time, al- 
though he had experimented with the medi- 
um during the previous four years. He 
was followed by Vercesi (10), Jaroschka 
(11), Rubin and Bendick (12), Schneider 
and Eisler (13), and thereafter many others 
became advocates of the method. The films 
were a decided improvement and not only 
were tubal patency and peristalsis deter- 
mined, but some other pelvic conditions as 
Finally it was utilized as a therapeutic 
Two films were taken at the time 


well. 
measure. 
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Fig. 1. 
lopian tubes. A, A. Spill of contrast medium into 
pelvic cavity. 


Normal uterine cavity with patent Fal- 


of injection and a third 24 hours later. Per- 
itoneal irritation was not mentioned in the 
early papers describing this method. 

In 1927, Zimmerman and Nahmmacher 
(14), Odenthal (15), and Hoffman (16) 
discussed the possibility of danger from the 
used of iodized oils. Histologic examination 
of tubes excised 24 hours after the proce- 
dure did not disclose intrinsic pathologic al- 
terations, but the peritoneum showed leuko- 
cytic infiltration and strands of fibrin. Tem- 
perature reactions were observed at times, 
but subsided quickly. Albano (17) reported 
a case of calcification of the retained mass 
in the tube months after the injection (Ver- 
kalkung des Breies). Rubin (18) reported 
abscess formation in two cases and perito- 
neal irritation in three cases. Mathieu (19) 
reviewed the contra-indications, but failed 
to mention any untoward results. Jarcho 
(20) made a critical review of the literature 
as well as of his personal cases and conelud- 
ed that in selected cases the method is with- 
out danger insofar as the use of iodized oil 
is concerned. 

It is now well known that in some in- 
stances many months elapse before the ra- 
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with left 
Both tubes closed (checked by lapa- 
rotomy). A, A. Normal isthmical portions of the 


Fig. 2. Chronic bilateral 
hydrosalpinx. 


salpingitis 


Fallopian tubes; B, B. Dilated terminal portions 
of the tubes; C. Cervix. The small dark scattered 
areas are remnants of bismuth luteal injections. 


diopaque contrast medium is completely ab- 
sorbed, in some as long as 15 months. It is 
not unlikely, therefore, that its persistence 
may be fraught with danger. For this and 
other reasons, certain clinicians have dis- 
carded uterosalpingography and rely upon 
the tubal insufflation test alone. 

A review of the literature of the past two 
and one-half years reveals a number of case 
reports which are worthy of mention. 
Schroeder and Jacobi (21) had the oppor- 
tunity to study the pathology of the uterus, 
Fallopian tubes, and peritoneum of 30 cases 
following the injection of iodized oils. They 
report that when extirpation was performed 
shortly afterwards (24 hours) no patho- 
logic changes were found, but when done 10 
or more days later definite tissue alterations 
were noted. In one instance, oil peritonitis 
was observed in and beyond the culdesac. 
The uterus, rectum, and tubes were matted 
together in an oily, pasty mass. Sections of 
the involved tissues showed leukocytosis 
with fibrinous exudate. They further report 
two other cases with identical changes in the 
endometrium and conclude that if too much 














Fig. 3. Chronic salpingitis with right hydrosal- 


pinx. A. Cervix; B. Isthmical portion of right 
Fallopian tube; C. Right hydrosalpinx; D. Droplet 
of contrast medium exuding from fimbriated end 
of left Fallopian tube. 


of the iodized oil reaches the peritoneal cav- 
ity, there is always the possibility of ‘‘oil 
peritonitis.” J. Novak (22) reports one case 
of foreign body inflammation (Fremdkorper 
entsiindung) and two cases with resulting 
tubal calcification, in one of which the calci- 
fied tube had to be removed 15 months later. 
Hoffman (23) reports an instance of reten- 
tion of the oil in a closed tube many months 
later. Schultze (24) reviewed 8,300 cases 
in which salpingograms had been made and 
found 30 with inflammatory changes and 
250 with other complications. Gajzago (25) 
reports a death from oil embolism, corrobo- 
rated by autopsy. Wong, Wu, and Chein 
(26) report four cases of escape of the 
iodized oil into the utero-ovarian 
They state that dogs have died 


‘enous 
system. 
after the intravenous injection of increased 
amounts of iodized oil. 

The possib!e deleterious effects of iodized 
oil injections justify the search for another 
medium which will obviate these untoward 
results. To accomplish this purpose, the ra- 
diopaque mixture must possess at least five 
important features: (1) have a_ viscosity 
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Fig. 4. 
hydrosalpinx. 
laparotomy). 
tubes; B. Closure at the fimbriated end; C. 
hydrosalpinx. 


Chronic bilateral salpingitis with right 


Both tubes closed (checked by 
A, A. Isthmical portions of Fallopian 
Right 


similar to that of oil; (2) be rapidly ab- 
sorbed and excreted; (3) be non-injurious 
when entering the circulation; (4) render 
good delineation of the cavities of the pelvic 
organs, and (5) cause no pathologic changes 
in the tissues. 

Recently we have used Neo-Iopax (Uro- 
selectan-B ) in a series of 18 patients. This 
chemical is a pyridine derivative with 51.5 
per cent iodine in close organic combination. 
Up to the present time this medium has been 
found to comply with the specifications 
enumerated with 
different percentage solutions, a 50 per cent 


above. Experimenting 
mixture with glucose apparently yielded the 
best results. 
lected; in those in which acute or subacute 


The cases were carefully se- 


infection or pregnancy was present, the pro- 
cedure was not used. The time chosen, when 
the 
Nervous patients were given a hypodermic 


possible, was intermenstrual period. 
of morphine gr. 1/6 half an hour before ad- 
ministration. 

The bladder and rectum are evacuated 
and a douche given. The patient is placed on 
the x-ray table in the lithotomy position. 
After inserting a vaginal speculum and 


bringing the cervix into view, the vagina, 
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Left tube 


Fallopian 
Right Fallopian tube closed 
A, A. Enlarged uterine cavity with 
irregular outline denoting hyperplastic endometrium. 
B. Dilated fimbrial portion of right Fallopian tube. 


Fig. 5. Fibroid uterus. 


closed at cornual end. 
at fimbrial end. 


cervix, and cervical canal are carefully 
swabbed with a solution of 3.5 per cent 
iodine. The posterior lip of the cervix is 
grasped with a vulsellum and the cervix 
steadied. A cannula with a flexible metal tip 
is then inserted into the external os. A syr- 
inge is attached to the open end of the stop- 
cock. About 10 c.c. of the solution are used, 
although the amount varies slightly with 
cach patient. At the beginning, about 5 c.c. 
are injected slowly, stopping when pain be- 
gins. A film is exposed and then the remain- 
der is carefully introduced. The cannula 
stop-cock is closed to prevent reflux and the 
syringe is removed. The speculum is then 
removed from the vagina, care being taken 
not to disturb the cannula. Another film is 
exposed. The instruments are removed, the 
vagina swabbed clean, and a flat plate 
taken. The patient returns about 90 minutes 
later and another exposure is made. If the 
fourth plate still shows presence of the so- 
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The uterine 


Senile atrophy of the uterus. 
cavity is small and the Fallopian tubes are closed 
at the cornual ends. 


Fig. 6. 


lution, an interval of from 10 to 15 hours is 
allowed to elapse, and a fifth film is exposed. 

Results.—In one case in this series there 
was a temperature reaction of 102°, which 
was later found to be due to an intravenous 
salvarsan injection having been given the 
same morning. The temperature of all the 
other patients was normal. 
complaint of slight pain was made, but this 
disappeared after the removal of the cannula, 
with reflux of the medium. None of the pa- 
tients was incapacitated. In the majority of 
cases the contrast medium completely dis- 
appeared within 90 minutes. In the remain- 
der, the 15-hour plate showed complete ab- 
sorption. In all cases outline of the uterine 
cavity and the patency of the tubes were 
In some, the findings were 
A review of the 


Occasionally 


determined. 
checked by laparotomy. 
sectioned specimens will be included in a 
second communication. 


CONCLUSIONS 


In all cases, even with a solution as low 
as 20 per cent, the uterine and Fallopian 
cavities have been visualized to a diagnostic 
degree. The 20 per cent solution is not sat- 





PEN 





572 RADIOLOGY 


isfactory for demonstration purposes, the 33 
per cent is more satisfactory, and the 50 
per cent solution is best. 

There are two features which are particu- 
larly important. The opaque mixture is ab- 
sorbed within 90 minutes in the majority of 
cases, and this suggests the problem of a 
physiologic degree of absorption from the 
graphic roentgenologic standpoint. Several 
cases in this series show the interesting phe- 
nomenon of apparent impregnation of the 
uterine endometrium by the contrast medi- 
um, and indicate the need for further study 
of the detailed anatomy and pathology. 

We wish to record our appreciation to 
Walter T. Dannreuther, M.D., for his kind 
co-operation. 
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“HE THOMS’ METHOD OF X-RAY PELVIMETRY 
AND CEPHALOMETRY 


A DISCUSSION OF THE ADVANTAGES AND CASE REPORTS 


By JOHN M. FREIHEIT, M.D., Wartersury, Conn. 


HE advantages of the Thoms’ meth- 
od of roentgen mensuration of the 
pelvic inlet and the fetal head in utero 


| are so striking that it seems deplorable that 
they should be ignored by men who are 


striving to better obstetrical practice. These 
methods have been at the disposal of the 
profession for several years, yet the major- 
ity of practitioners who are doing obstet- 
rics apparently overlook scientific methods 
which, if generally adopted, will be an im- 
portant factor in the lessening of our fetal 
and maternal mortality. The reason for the 
indisposition of the profession to accept new 
methods seems to be characteristic of medi- 
cal practitioners everywhere. Indeed, in ob- 
stetrical practice, the great tendency is to re- 
gard pregnancy and labor as normal phys- 
iologic functions which need no precise 
methods of diagnosis for their management. 

It is the purpose of this paper to point 
out the important rdle that roentgen pelvim- 
etry and cephalometry must assume if the 
management of every-day obstetrics is to be 
bettered. It seems to be a widespread con- 
viction among obstetrical practitioners that 
if certain external measurements of the pel- 
vis are within normal limits, the pelvic inlet 
or superior strait is likewise of normal pro- 
portion. It is, however, a fact that x-ray 
pelvimetry is constantly showing varying de- 
grees of contraction of the pelvic inlet, even 
within the limits of so-called normal exter- 
nal pelvic measurements. At the present 
time, when instrumental interference seems 
to be on the rapid increase, the failure to 
recognize these contractions of the pelvic 
inlet is responsible for many cases of mater- 
nal injury and fetal death. It has been 
repeatedly shown that x-ray mensuration of 


the pelvic inlet by the Thoms’ method will 
give an actual representation of this plane 
in its true proportions and will allow the 
mensuration of all diameters with a fraction 
of error within one-quarter of a centimeter. 
If we compare this information with the 
probability of error in the ordinary methods 
of external pelvic mensuration, we see at 
once the great advantages of the former 
procedure over the latter. It may be said, 
in this connection, that the only measure- 
ment in common use at the present time 
which gives useful information of a pelvic 
inlet diameter is that of the so-called con- 
jugata diagonalis. However, even this de- 
termination may have a fraction of error as 
great as one centimeter, depending upon the 
thickness and inclination of the symphysis 
pubis. Furthermore, it is true that in many 
primiparous patients, because of a small out- 
let or a thick, rigid perineum, it is impos- 
sible, adequately, to determine the conjugata 
diagonalis. Many practitioners place a great 
deal of dependence on the external conju- 
gata, or Baudelocque’s diameter, as an index 
of the conjugata vera. However, the factor 
of error in this measurement is so great that 
most modern text-books agree that it is the 
most useless of all of the external measure- 
ments. It is my own opinion that Baude- 
locque’s diameter should be placed among 
the relics of obstetrical history, for it has 
been my frequent experience that a normal 
and even supernormal conjugata vera is 
often present in combination with a marked- 
ly shortened Baudelocque’s diameter. I 
have often found the conjugata vera to be 
as much as 12 cm. when the Baudelocque’s 
diameter measured as little as 17 centime- 


ters. Other external measurements usually 
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taken give only relative information and 
certainly do not give any idea as to the 
amount of transverse room available in the 
superior strait. Therefore, I have come to 
the conclusion that the only external meas- 
urements of real value are the direct meas- 
urements of the pelvic outlet and the meas- 
ure of the conjugata diagonalis. 

In addition to the true measurements of 
the superior strait, roentgen pelvimetry af- 
fords another type of information of that 
plane which has hitherto been unavailable, 


namely, the shape and svmmetry of the pel- 


vic inlet. It is surprising, the number of 
instances in which slight and often moderate 


left 
halves of the pelvis is present, as demon- 
What in- 
fluence such the 
position of the presenting part and the sub- 


asvmmetry between the right and 
strated by roentgen pelvimetry. 


asymmetry has upon 
sequent course of labor remains a subject 
for further investigation. 

The Thoms’ method of roentgen cepha- 
lometry may be said, for practical purposes, 
to be accurate enough for careful diagnosis. 
By the method one is able to determine 
whether the fetus is mature, premature, or 
over-size. In general, experience has shown 
that when the occipito-frontal diameter of 
the fetal head in utero measures 10.5 cm. 
or more, the infant will weigh safely over 
5 pounds and can, therefore, be considered 
mature. When an occipito-frontal diameter 
of a vertex in utero measures over 13 cm. 
by x-ray cephalometry, the fetus can be con- 
sidered over-size. Such a diagnosis in rela- 
tion to a normal pelvis causes no alarm be- 
cause molding of the vertex will take care 
of moderate fetal disproportion with prog- 
ress of labor. The association of an over- 
size fetus with moderate pelvic contraction, 
on the other hand, with varying presenta- 
tions and mechanical factors involved, gives 
rise to situations which heretofore no one 
has been able to evaluate except by intui- 
tion in the course of labor, sometimes too 
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often prolonged. It will be seen at once 
that, with the knowledge of the size of the 
fetal head and of the size of the plane of 
the superior strait, the obstetrician is pos- 
sessed of information which until the pres- 
ent time has been unavailable, and the lack 
of which is responsible for the management 
of many obstetrical cases in the hit-or-miss 
fashion so often ending in disaster. 

It is not the purpose of this communica- 
tion to review the technic of these roent- 
genometric methods. The original articles 
by Thoms are available to all who are inter- 
ested, and references are given at the end 
of this paper. Briefly, the technic consists 
in determining the position of either the 
plane of the superior strait or the occipito- 
frontal diameter of the fetal head above the 
sensitized film, and then, after the initial 
roentgen exposure, superimposing a perfo- 
rated square centimeter lead plate in this 
same plane, transferring measurements di- 
rectly to the sensitized film by a second ex- 
posure. The measurements from the sensi- 
tized film can then be transferred to make a 
graphic record, known either as a_pelvi- 
gram or a cephalogram, and may be filed 
as part of the permanent history record. In 
the accompanying charts such records are 
shown. The argument frequently brought 
forward that roentgen pelvimetry may in- 
jure the fetus or produce premature labor 
has been shown repeatedly to be absurd. 
The small percentage of the actual skin dose 
which is necessary for general roentgeno- 
grams should dispel the idea of injury of 
any sort. Furthermore, the use of alumi- 
num filters obviates any danger which might 
occur to the skin of the patient. 

The cost of the mechanical appliances 
necessary is very small in comparison to the 
usual expense of minor roentgen equipment. 
It is a relatively easy matter to train a tech- 
nician to make roentgenograms routinely, 
although the technic seems a little involved 
at first. A satisfactory roentgenogram 
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should be obtained in each case within ten 
or fifteen minutes at the most. 

My own experience with these methods 
has led me to the following conclusions with 
regard to their adaptation. I classify those 
patients who should have roentgen pelvim- 
etry as follows: 


1. All primiparze in whom the conjugata 
diagonalis is shown to be 11.5 cm. or 
less. 

2. All primiparee in whom the vertex 
fails to become well engaged by the 
thirty-second to thirty-fourth week of 
pregnancy. 

3. Any multipara who presents a_his- 
tory of previous difficult labor with 
an infant of normal size. 

4. Any multipara who presents a history 
of fetal death subsequent to operative 
delivery from below. 

5. Primiparze with occipito-posterior or 
other abnormal presentation. 


I have reached the conclusion that the fol- 
lowing conditions should necessitate roent- 
gen cephalometry: 


1. Toxemia of pregnancy when termina- 
tion of pregnancy means possibility of 
a premature fetus. 

Pyelitis and cystitis which necessitate 


bo 


premature induction of labor. 
3. Any condition in which the viability 
of the fetus is questioned. 
4. Any condition which causes a suspi- 
cion of an over-size infant, when 
shortening of either the anterior-pos- 
terior or transverse diameter of the 
superior strait is present. 


The above list may seem like a consider- 
able number of indications for the use of 
this technic, but when it is realized that in 
actual practice these cases are comparatively 
few, the number does not seem so great. 
However, it is this very group of patients 
who collectively represent the larger percen- 


WN 


tage of those who are subjected to the dan- 
gers of fetal and maternal injury. 


CASE REPORTS 


The following case reports are illustrative 
of the great aid which the Thoms’ methods 
have furnished in my practice and they are 
herewith offered, with a brief summary of 
each case, in order to illustrate these ad- 
vantages. 

Case 1. 


measurements suggestive of a generally con- 


Mrs. P., a primipara, external 
tracted pelvis. At the onset of labor the 
vertex was floating, with moderate overrid- 
ing. Roentgen pelvimetry in the thirty- 
second week of pregnancy showed, how- 
ever, a large pelvic inlet, anteroposterior 
diameter 11.25 diameter 
13.5 centimeters. 
taneously following premature rupture of 
the membranes. A 6-hour labor followed, 
with delivery of an 8-pound baby in left 


cm., transverse 


Labor occurred spon- 


occiput anterior. 

Comment: Without the knowledge of the 
adequacy of the pelvic inlet this situation 
would have caused great concern. It proves 
again that many pelves which measure 
small externally show, by roentgen pelvim- 
etry, a normal superior strait. 

Case 2. Mrs. F., a primipara, external 
measurements practically normal, conjugata 
diagonalis not reached. Patient went into 
labor spontaneously at term. During the 
first stage of labor the vertex rotated from 
right-occiput posterior to persistent occiput 
posterior. A difficult mid-forceps extrac- 
tion resulted in cranial injury to the fetus, 
death resulting within ten hours. Mother’s 
recovery was uneventful, but, in explaining 
the obstetrical risk for further pregnancies, 
her physician stated that because of pelvic 
contractions, subsequent pregnancies should 
The 


pelvigram shows a very large inlet, with a 


be terminated by Czesarean section. 


marked variation in the normal ratio be- 
tween the transverse and anteroposterior di- 








Fig. 1. Sup. str. A. P. 11.4 cm.; Fig. 2. Sup. str. A. P. 14 cm.; Fig. 3. Sup. str. A. P. 10 cm.; 
trans. 13.75 cm. External meas- trans. 13.25 cm. External meas- trans. 12.75 cm. External meas- 
urements: Sp. 22.5, Cr. 27, Tr. 30, urements: Sp. 22, Cr. 26, Tr. 29, urements: Sp. 24, Cr. 27, Tr. 30, 
D. B. 18, C. D. 11.5. Outlet: Bit. D. B. 17, C. D. N.R. Outlet: Bit. D. B. 20, C. D. N.R.P. Outlet: 


as A. S. 7, P. S: & Average -8, A. S: : 





ameter, making this pelvis almost of the 
justo-major type in spite of the small exter- 
nal measurements. One would suppose from 
this that the engagement and descent would 
be easy, but, as Thoms has recently pointed 
out, the occurrence of occiput posterior 
presentations is almost the rule in pelves in 
which the anterior-posterior diameter is 
larger than the transverse, as is illustrated 
in this case and in Case 7. In an individual 
possessing this pelvis, careful examination 
will usually reveal another pecularity, name- 
ly, that the plane of superior strait makes 
an abnormally steep angle with the horizon- 
tal. This condition has been described by 
Porter, who says: “In these cases of steep 
pelvis, engagement is difficult or sometimes 
impossible in the anterior positions, but easy 
in occiput posterior. Labor is difficult, how- 
ever, because the axis of the uterus diverges 
posteriorly from the pelvic axis.” 

Figure 3 shows a pelvigram of a pri- 
mipara with normal external measurements 
and an adequate transverse and anteropos- 
terior diameter. Nevertheless, there is defi- 
nite asymmetry in the sacro-iliac area, one 
side having a deeper curve than the other. 
In this instance the vertex did not engage 
until the onset of labor, but delivery was 
spontaneous in left occiput anterior. 


Case 4. This case shows a greater exag- 
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S. 8 Average Bit. 85, A. S——, P. S. & Aver- 


geration of the type described in Case 3. 
While the anteroposterior and transverse di- 
ameters are normal, there is marked flatten- 
ing of the normal pelvic contour in both 
sacro-iliac areas. The patient was a primip- 
ara. The vertex did not engage up until 
the time of onset of labor but remained 
above the inlet. A trial labor was allowed 
for ten hours and, following this period, 
with good contractions, the cervix became 
only one-third dilated, with the membranes 
unruptured and the vertex remaining un- 
engaged, with marked overriding. Deliv- 
ery was terminated by Cesarean section and 
a seven and three-quarters pound infant was 
born. 

Case 5 illustrates another type of asym- 
metry of pelvic contour. This shows a pel- 
vis which has a deeper curvature in the right 
sacro-iliac region than in the left, causing 
a marked difference in the oblique pelvic 
diameters. This patient had a difficult labor 
and instrumental delivery in right occiput 
posterior with her first pregnancy, resulting 
in a fetal death from intracranial hemor- 
rhage. With her second pregnancy, labor 
was induced at eight and one-half months 
and terminated by an easy low forceps de- 
livery in left occiput anterior. 

Case 6 shows a pelvigram of a typical 
generally contracted pelvis. The patient was 
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Fig. 4. Sup. str. A. P. 10.5 cm.; 


Fig. 5. Sup. str. A. P. 11.75 cm.; 


Fig. 6. Sup. str. A. P. 10 cm.; 


trans 12.5 cm. External measure- trans. 12.25 cm. External meas- trans. 10.88 cm, External meas- 
ments: Sp. 23, Cr. 27.5, Tr—, urements: Sp. 26, Cr. 28, Tr. 30, urements: Sp. 20, Cr. 24, Tr. 28, 
D.B..18,C. D; 115. Outlet: Bit. DBD: B. 18. €. D: 12--. Outlet: Outlet: Bit. 


85, A. S—, P. S. 9. Short 
stature; normal development. 


a primipara, 22 years of age. At term, the 
vertex was unengaged and there was evi- 
dence of real disproportion. A trial labor 
of six hours failed to show any diminution 
in the disproportion, and labor was termi- 
nated by Cesarean section. The fetus was 
delivered alive, although the vertex was 
markedly molded from the trial labor and 
respirations had to be stimulated by carbon 
dioxide and oxygen before they were satis- 
factorily established. 

Case 7 shows a typical transversely con- 
tracted pelvis similar to Case 3, the impor- 
tance of which has been recently emphasized 
by Thoms. In this instance the fetus pre- 
sented in right occiput posterior at the onset 


of labor. The patient was a negress and a 
primipara. She was allowed to progress 


to full dilatation during sixteen hours for 
the first stage, after which the vertex rap- 
idly descended to the perineum in persistent 
occiput posterior. The patient was deliv- 
ered by an interne with a low forceps opera- 
tion and the third stage was completed with- 
out excessive hemorrhage. As the patient 
was recovering from the anesthesia, she 
suddenly went into a state of severe shock 
and, in spite of all efforts, she had complete 
circulatory failure within an hour from the 
time of the birth of the baby. The medi- 
cal examiner’s report stated that death was 


Bit. 9, A. S. —, P. S.9. Short 7.5, 
stature; normal development. 





>. 5.. 16C..D; IOs: 
A. S&S: , Fo SS &- Short 
stature; normal development. 


due to anesthesia. However, a check on the 
amount of ether used showed that only 3 
ounces of this drug were administered by 
the open method. An autopsy was per- 
formed on this case to determine the cause 
of death and it was during this procedure 
that we were able to check on the accuracy 
This 
was done and showed that the pelvic meas- 
urements were accurate to an exact degree. 

Case 8 shows a pelvigram of a flat ra- 
chitic pelvis in a rachitic negress, aged 21, 
a primipara. A marked deformity of this 
kind, of course, was obvious without roent- 
Czesarean section was defi- 


of the x-ray pelvic measurements. 


gen pelvimetry. 
nitely indicated. 

Cases 9 and 10 represent the same type 
of pelvis in two individuals and variations 
in the size of the child, in each instance, led 
In Case 
9, the patient, in her first pregnancy, went 


to a different obstetrical situation. 


into labor with an occiput posterior presen- 
tation and, at the end of a long first stage 
of labor, pregnancy was terminated by a 
difficult Scanzoni extraction of a six and 
three-quarters pound baby. The external 
measurements of the patient were normal 
and the pelvigram (taken during the eighth 
month of her second pregnancy) showed a 
small, round pelvis. Despite the generally 
contracted pelvis, it was felt that the infant 
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Fig. 7. Sup. str. A. P. Fig. 8. Sup. str. A. P. 
11.0 cm.; trans. 10.75 cm. 7.75 cm.; trans. 13 cm. 
External measurements: External measurements: 


Sp. 24, Cr. 28, Tr. 29, Sp. 23, Cr. 25, Tr-—, 
D. B. 17, C. D. 11.5. Out- D. B. 17, C. D. 9.5. Out- 
let: Bit. 8 A. S: , let: Bit. 7, A. S—, 
P. S. 9. Normal stat- P.S.8& Rachitic dwarf. 
ure; normal develop- 

ment. 





was small and, after a trial labor, satisfac- 
tory progress was noted, with again an occi- 
put posterior position. The vertex rotated 
anteriorly spontaneously and pregnancy 
was terminated by low forceps extraction. 
The fetus weighed six and one-quarter 
pounds. 

Figure 10 represents the pelvigram of a 
primipara who was first seen at the end of 
pregnancy. The pelvigram showed, as in 
Case 9, a small, round pelvis. <A _ fetal 
cephalogram showed an occipito-frontal di- 
ameter of 12.75 centimeters. It was 
apparent that the patient had a generally 
contracted pelvis, with floating head and 
moderately large fetus. <A trial labor was 
allowed for eighteen hours, with good 
contractions, but without any attempt at 
engagement of the vertex. Pregnancy was 
terminated by Czsarean section, the in- 
fant weighing 8 pounds, 14 ounces. Com- 
ment: In both Case 9 and Case 10, the 
chief pelvic deformity rested in the short- 
ening of the transverse diameter of the 
superior strait. In the first instance, the 
small baby allowed a_ successful labor 
through the normal channel. In the second 
instance, a large baby prevented the normal 
progress of labor, and the knowledge of the 
true pelvic measurements by means of roent- 
gen pelvimetry suggested the proper time 


Fig. 9. Sup. str. A. P. Fig. 10. Sup. str. A. P. 
9.8 cm.; trans. 11.0 cm. 9.8 cm.; trans. 11.0 cm. 
External measurements: External measurements: 


ep,..2e Gr.-26, Tr:30; “Sp. 24; Or. 28). Te... 3, 

1,73) 620; GC. 2D: aot. - D:.-B. 49; 4C.. DP: AER. 

reached. Short stature; (tight perineum). Out- 

normal development. let: Bit. 9, A. S. ©. 
S. 9. Short stature; nor- 
mal development. 








for interference by means of Cesarean sec- 
tion. 

The following case reports are appended 
to demonstrate the great value of fetal 
cephalometry in utero. As Thoms has 
pointed out, when the occipito-frontal di- 
ameter of the fetus im utero measures 10.5 
cm. or more, the infant will weigh safely 
over five pounds and can, therefore, be con- 
sidered mature. 

Figure 11 is a composite cephalogram of 
two exposures of the same fetus, one at the 
seventh month and the oiher at the eighth 
month of pregnancy. The smaller cephalo- 
gram shows the vertex to have an occipito- 
frontal diameter of 9.25 cm., and the larger 
a diameter of 10.5 centimeters. The patient, 
a primipara, aged 40, was first seen at the 
fifth month of pregnancy and at the seventh 
month began to have edema, albuminuria, 
and hypertension. Under treatment, the pa- 
tient improved, but a month later the condi- 
tion became more aggravated and termina- 
tion of pregnancy seemed advisable. The 
second cephalogram showed the occipito- 
frontal diameter to be 10.5 cm. and it was 
decided from this information that the in- 
fant was safely mature. A 5-pound, 12- 
ounce baby-was delivered by Czesarean sec- 
tion. 
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Figure 12 represents a cephalogram show- 
ing an occipito-frontal diameter of 9.5 cen- 
timeters. This patient also suffered during 
the first half of pregnancy with hyperten- 


sion but with no other symptoms of tox- 
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at which time she was compensating fairly 
She did well until the sixth month at 
which time there was occasional evidence of 
edema at the bases of the lungs, but the 
cardiac reserve still seemed good. 


well. 


She was 





Fig. 11 (upper Ieft).a = 9.25;a +a 
birth occiput frontal = 10.7. 

Fig. 12 (upper right). Occiput frontal = 9.5; at 
birth = 9.5. 

Fig. 13 (lower left). Occiput frontal = 10.5; at 


birth = 10.5. 


, 


==> 10:5 at 


Fig. 14 (lower right). Occiput frontal = 10.4 cm.; 


at birth = 10:6 cm. 


emia. Shortly after the sixth month, how- 
ever, she rapidly developed a nephritic tox- 
emia and early in the seventh month her 


blood pressure was 210/120, with general- 


ized edema and heavy albuminuria. The 
condition became more alarming and _ the 
termination of labor was imperative. The 


cephalogram showed the infant to be imma- 
ture and a 4-pound, 9-ounce baby was de- 
livered after the induction of labor by means 
of a Voorhees bag. 

Figure 13 shows a cephalogram measur- 
ing 10.5 cm. in the occipito-frontal diam- 
eter. This patient was a para II, aged 35, 
and presented rheumatic heart disease with 
mitral stenosis. The first pregnancy aborted 
at five and one-half months following car- 
diac decompensation. She was first seen in 
the present pregnancy at the second month, 


put at complete rest and for a month or so 
At the 
seventh month, orthopnea began to be pro- 


no further symptoms developed. 
nounced. Hospitalization was advocated 
and the cephalogram was then taken. From 
the findings of this procedure it was felt that 
the infant was safely mature and digitaliza- 
tion of the patient was begun and continued 
for ten days. A Cesarean section was per- 
formed and a 5-pound, 10-ounce baby was 
delivered. 

Figure 14 shows a cephalogram with an 
occipito-frontal diameter of 10.25 cm. The 
patient was a para VII, aged 40, who had 
undergone a previous therapeutic abortion 
at the second month for bilateral pvyelitis 
and cystitis and a left renal calculus. She 
was seen during the present pregnancy at 
the fifth month, having been referred to the 
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hospital for another therapeutic abortion. 
However, examination showed the patient’s 
general condition to be good, and it was the 
opinion of the medical staff that her condi- 
tion did not warrant immediate therapeutic 
abortion. With treatment, the patient’s 
condition remained unaltered until the sev- 
enth month of pregnancy, at which time she 
had a sudden onset of severe costovertebral 
pain and tenderness. Cephalometry was per- 
formed and the size of the vertex indicated 
that, in spite of the patient’s estimation of 
seven months’ pregnancy, the fetus was 
probably safely mature. Labor was induced 
by means of a Voorhees bag and a 5-pound, 
4-ounce baby delivered. 

In conclusion, I wish to say that the man- 
agement of labor in cases in which roentgen 
pelvimetry- shows pelvic abnormalities will, 
of course, provoke individual differences in 
the matter of treatment. However, the ex- 
act measurements afforded by this improved 
technic will allow more careful study of the 
advantages of various methods in the con- 
duct of labor than is possible under the 
present unreliable information. The re- 
moval of the factors of uncertainty by the 
methods here emphasized must eventually 
affect our present obstetrical standards so 
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that in the future we may look forward to 
the handling of obstetrical work with a more 
comforting certainty as to the outcome. 
When the obstetrician suspects that a patient 
presents a generally contracted pelvis, with 
a floating vertex, and the roentgenogram 
shows a normal inlet, he becomes fortified 
with knowledge which is of the greatest 
value. The use of the methods here em- 
phasized also allows the more scientific use 
of the so-called trial labor, and of the in- 
duction of labor when necessary. 
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RUPTURE OF THE 


LIVER AND SPLEEN AS VISUALIZED BY THOROTRAST 


3y WILLIAM F. BURKE, A.B., M.D., and 
JOSEPH P. MADIGAN, M.A., M.D., Sc.D., LL.D. 
WASHINGTON, D. C. 


REVIEW of the literature to date 
A regarding the use of thorotrast re- 

veals no report of its use or at- 
tempted use in the diagnosis of trauma of 
the liver and spleen. It has been used in the 
diagnosis of pathologic conditions affecting 
these organs, but not in traumatic surgery. 
All the cases recorded have been observed 
for some time and in many instances normal 
structures were found. In some cases the 


drug was administered to normal patients 
and in other cases animal experimentation 
served the observers’ Herein, 
therefore, is presented what is believed to 
be the first case on record in the use of 
thorotrast in the diagnosis of traumatism of 
the liver and spleen. 


purpose. 


CASE HISTORY 


A colored male was admitted to the Alex- 
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andria Hospital, May 1, 1932, on the service 
of Dr. M. D. Delaney, Sr., as the result of an 
automobile accident. He was unconscious and 
from the physical signs and the testimony of 
his companions was in the state of acute 
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quadrate lobe of the liver immediately to the 
right of the midline, and a rupture of the 
lower pole of the spleen. The intestine was 
sutured and the ruptures of the liver and 
spleen were packed. Closure with drainage 





Fig. 1 (A and B). Fragments from the lower pole of the spleen; (C) splenic 
artery seen entering the hilus; (D) semi-detached portion of the liver; (E) up- 
per extremity of the stellate rupture of the liver. 


alcoholism. Differentiation between surgical 
shock and alcoholic intoxication was impos- 
sible at this time. Expectant and supportive 
treatment was ordered until the next morning, 
when a more accurate diagnosis could be 
made. As the result of a thorough physical 
examination a diagnosis of intra-abdominal 
hemorrhage was made and the patient was 
operated upon twelve hours after admission, 
by Dr. Delaney. 

At operation, a rupture of the jejunum was 
found, together with a stellate rupture of the 


completed the operation. During the opera- 
tion the pulse varied from 126 to 160 and the 
respiration from 26 to 38. Saline solution, 
1,000 c.c., and adrenalin m x v. were adminis- 
tered intravenously during the operation. The 
patient was returned to the ward in fair con- 
dition. A study of the accompanying chart 
(Fig. 1) shows not only the range of temper- 
ature, pulse, and respiration, but also the in- 
travenous therapy including one transtusion. 


The first injection of thorotrast, 14 ¢.c., was 











Fig. 2. 
injection 


Reproduction of the radiograph after the 
of thorotrast, showing the multiple rupture 
of the spleen and liver. 


Q 


~ 


given, without saline or glucose solution, 4 
hours after operation. The second dose of 
the drug (24c.c.) was given with 50 c.c. of 
normal saline solution, 96 hours after opera- 
tion. A further study of the chart shows that 
there were no untoward reactions as a result 
The pack- 
ing in the liver and the spleen was removed 
in 48 hours and thereafter the patient drained 
fresh bile and a seropurulent exudate contin- 


of the administration of the drug. 


ually. Although strenuous supportive treat- 
ment was given, he was unable to overcome 
the peritonitis and died six days after opera- 


tion. 


ROENTGENOLOGIC REPORT 


A stereoscopic study shows a marked dila- 
with of the entire 
that its complete outline is visualized and also 
The spleen 


tion, gas, stomach such 
the organs placed posteriorly to it. 
is placed in the leit hypochondrium at the level 
of the eighth, ninth, tenth, and eleventh ribs. 
The splenic silhouette measures 14 cm. from 
the upper to the lower pole, and 9.5 cm. from 
the medial to the lateral border. The hilus 
shadow is 9.0 cm. from the lower pole. There 
is a curved indentation on the costal surface 
measuring 3 cm. in Jength and 7.5 cm. from 
the lower pole. 

There is a multiple rupture of the lower 
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pole of the spleen, such that a fragment of 
splenic tissue (Fig. 1-4) measuring 2.5 cm. 
in cross-diameters and involving less than one- 
half the thickness of the spleen, is displaced 
downward and lateralward and rests upon the 
splenic flexure of the colon and is supported 
by the sustentaculum lienis. 

There is a second detached portion of splen- 
ic tissue (Fig. 1-B), fusiform in shape, lying 
partly behind the detached portion previously 
described, with its apex lateral to the lower 
pole of the left kidney and measuring 5 cm. in 
length and 2.5 cm. in breadth. There are cor- 
responding deficiencies at the lower pole and 
on the renal portion of the visceral surface 
of the spleen. The splenic artery (lig. 1-C) 
is seen entering the hilus. 

The liver reaches from the dome of the 
diaphragm to within 2 cm, of the lower border 
of the tenth rib in the mid-axillary line. The 
left lobe of the liver is compressed into a 
narrow strip by the pressure exerted by the 
dilated stomach against the diaphragm. There 
is a stellate rupture of the antero-visceral sur- 
face of the right lobe of the liver in the para- 
sternal line, involving the quadrate lobe on the 
visceral surface, such that a triangular area 
of the liver (Fig. 1-D) measuring 5 cm. in 
cross-diameters is depressed downward and is 
placed anterior to the pyloric end of the stom- 
ach, resting against the gastrohepatic ligament. 
The semi-detached triangular portion of the 
liver substance is the posterior portion of the 
quadrate lobe, extending medially from the 
fossa for the obliterated umbilical vein (liga- 
mentum teres) to the fossa for the gall blad- 
der laterally. The distally directed apex of 
the semi-detached portion is the displaced pos- 
terolateral angle of the quadrate lobe. The 
base of the semi-detached portion coincides to 
the midline of the quadrate lobe drawn trans- 
versely between the anterior and posterior bor- 
ders. There is a corresponding deficiency on 
the antero-visceral surface of the liver, while 
the upper limb of the rupture extends well 
up on the anterior surface of the right lobe 
and is lost in the thickness of the liver (Tig. 
1-E). 

The left ureter is well seen crossing the tip 
of the transverse process of the second lum- 











BURKE AND MADIGAN: RUPTURE OF LIVER AND SPLEEN 585 


bar vertebra. There are rudimentary twelfth 
ribs measuring approximately 2.5 cm. on the 
left side and 4 cm. on the right side, 


CONCLUSIONS 


1. Thorotrast is of practical use in the 
diagnosis of traumatism of the liver and 
spleen when the physical signs are obscured 
by any cause whatsoever. 

2. Thorotrast apparently exercises no 
deleterious effects, even when administered 
to patients having overwhelming infections. 

3. Thorotrast may be administered intra- 
venously immediately upon suspicion of 
intra-abdominal hemorrhage. 

4. Thorotrast is not contra-indicated in 
injuries involving the liver and spleen. 

5. One-half the usual dose was sufficient 
to produce a shadow heavy enough for diag- 
nosis and a film may be taken four hours 
after such injection. 
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CASE REPORTS AND NEW DEVICES 


ADVANCED OSSEOUS SYPHILIS IN 
A FOUR-MONTHS-OLD INFANT 
By F. E. TRACY, M.D., New Haven, CoNNECTICUT 


From the Department of Radiology, Yale University 
School of Medicine 


Roentgenographic examination of the 
skeletal system in early infancy is of para- 


mount importance whenever there are clini- 


spread syphilitic osseous lesions in the pres- 
ence of few other manifestations of the dis- 
ease. An idea of the frequency of syphilitic 
osseous lesions in fetal life may be gained 
from Shipley’s (1) studies. He noted ad- 
vanced syphilitic osseous lesions in 15 of 
100 fetuses listed as normal in the catalogue 
of the Carnegie Institute of Embryology. 





Fig. 1 (left). Showing pathologic fracture in proximal third of left humerus, 
with marked increased density of the distal ends of the radius and ulna and 
irregular areas of rarefaction in the distal halves of the radius and ulna. 

Fig. 2 (right). Showing destructive bone changes in tibia and fibula pro- 
duced by congenital osseous syphilis. 


cal manifestations suggesting osseous in- 
volvement. The necessity of such a proce- 
dure is well illustrated in the case of a four- 
months-old infant in whom roentgenographic 
examination revealed advanced and wide- 


A female infant 4% months old was ad- 
mitted to the New Haven Hospital on July 
8, 1931, with the diagnosis of birth injury to 
the left brachial plexus and paralysis of the 


corresponding arm. The mother was a pri- 
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mipara. The child was born on Feb. 18, 1931, 
full term, and delivered spontaneously, weigh- 
ing 3.8 kilograms. During the first two months 
breast feedings were given; from then on she 
received complementary feedings along with 
the breast feeding. In April, 1931, the mother 
noted that the child cried more than usual 
when she was handled or fed. She was seen 
by a number of physicians and was finally re- 
ferred to the hospital. 

On admission the child appeared well de- 
veloped and nourished, weighing 6.1 kilo- 
grams. The infant did not appear acutely ill 
but was very irritable. Her temperature was 
38.1° Centigrade. Tenderness was noted over 
all the extremities. The reflexes in the lower 
extremities appeared normal; no satisfactory 
examination could be made of the reflexes of 
the upper extremities. The left arm moved 
clumsily and not as freely as the right. The 
left deltoid muscle seemed weaker than the 
right but no difference was noted in the size. 
The head was well shaped. The anterior 
fontanelle admitted two finger tips. The eyes 
were normal and reacted to light promptly. 
The ears appeared normal. There was no dis- 
charge from the nose and no obstruction. 
Nothing unusual was noted about the lips or 
in the mouth. The chest, heart and lungs, 
abdomen, and external genitalia appeared nor- 
mal. There were no skin lesions present and 
no palpable lymph nodes. The routine exami- 
nation of the blood, urine, and spinal fluid re- 
vealed nothing unusual. The Kahn and Was- 
sermann tests of the blood were both positive. 

Roentgenographic examination of the ex- 
tremities on July 12, 1931, revealed the fol- 
lowing: Dense broad zones at the diaphyseal 
epiphyseal junctions of the long bones of the 
extremities ; a moth-eaten appearance central- 
ly, with an intact slightly dense periphery of 
the centers of ossification in the distal epiph- 
yses of the femurs and the proximal ends 
of the tibias; punched-out areas in the proxi- 
mal inner aspects of both tibias, with destruc- 
tion of the contiguous cortex; thickening of 
the periosteum of the shafts of the femurs and 
humeri, with irregular areas of bone destruc- 
tion in the proximal and distal thirds of all the 
long bones; a pathologic fracture in the proxi- 





Fig. 3. A lateral view of the skull showing the 
moth-eaten areas of rarefaction in the cranial bones 
which are characteristic of syphilitic osteitis. 


mal third of the left humerus, with no dis- 
placement of the fragments (Figs. 1 and 2). 
In the skull there were irregular moth-eaten 
rarefied areas scattered throughout the frontal, 
parietal, and occipital bones, involving both the 
inner and outer tables (Fig. 3). 

On the basis of these roentgenographic find- 
ings a diagnosis of congenital generalized 
syphilitic osteomyelitis, osteitis, and periostitis 
was made. 

Subsequent serologic study showed a posi- 
tive Wassermann reaction of the mother’s 
blood and a negative reaction of the father’s. 

Mercury inunctions.were started on July 15, 
1931, but were not given regularly because of 
diarrhea. The antisyphilitic treatment was dis- 
continued on Aug. 5, 1931, when the infant 
was removed from the hospital against ad- 
vice. The mother herself refused treatment 
and, not believing that the child had syphilis, 
refused further treatment for it. The infant 
continued to have attacks of recurrent diar- 
rhea, gradually lost weight, and died on Sept. 
1, 1931. A necropsy was not obtained. 


COMMENT 


Osteitis and gummatous periostitis of the 
skull is fairly common in acquired syphilis 
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but quite rare in the congenital form of this 
disease. A recent review of the literature 


mentions but one case occurring in an in- 
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cal manifestations suggesting the syphilitic 
nature of the disease. 
The antisyphilitic treatment, meager as it 





Fig. 4 (left). Demonstrating beginning healing of osseous lesions following 


mercury inunctions. 


Fig. 5 (right). Showing healing of osseous lesions and of pathologic fracture 


in humerus. 


fant 11 months old (2). Pathologic frac- 
tures of the long bones in congenital syphi- 
lis are a great rarity. McLean (3 and 4) in 
his extensive review mentions only one in- 
fant in his own series. He states, however, 
that such fractures have been described pre- 
viously in the French literature. Epiphyseal 
separations have been seen frequently in 
congenital syphilis and were regarded by 
some as true fractures. In the case pre- 
sented there were multiple epiphyseal sepa- 
rations and, in addition, a true fracture of the 
shaft of the left humerus. Pseudoparalvsis 
of an extremity following syphilitic epiphy- 
seal separations was described as early in 
1853 by Bednar (5), of Vienna, and later 
also by Parrott. It is of interest in this con- 
nection that in the case described pseudo- 
paralysis was present only on the side of the 
fractured humerus. It is also remarkable 
that although there were advanced skeletal 
lesions there were practically no other clini- 


was, resulted in definite roentgenographic 
evidence of healing in the osseous lesions 
(Fig. +), namely: lessening of the density 
in the zones of temporary calcification at 
the distal ends and slight filling in of the 
rarefied areas of the diaphyseal ends of the 
long bones, and also commencing new bone 
formation about the site of the pathologic 
fracture (Fig. 5). 


SUMMARY 
A case is reported of generalized congeni- 
tal syphilitic osteomyelitis, osteitis, and peri- 
infant who 
showed practically no other clinical mani- 


ostitis in a four-months-old 
festations suggesting the syphilitic nature 
of the disease. 

Peculiar features were: extensive in- 
volvement of the skull, and a pathologic 
fracture of the shaft of the left humerus. 

The importance of the roentgenologic 


examination of the skeletal system of in- 
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fants suspected of congenital syphilis is 
emphasized. 
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A CASE OF CONGENITAL ATRESIA 
OF THE UPPER END OF THE 
ESOPHAGUS, WITH TRA- 
CHEO-ESOPHAGEAL 
FISTULA 
By GEORGE S. REITTER, M.D., EAst ORANGE, 
NeW JERSEY 


Case Report.—The patient was a male in- 
fant, white, weighing 5 pounds 5 ounces, born 
March 4, 1931. He was a first child, born at 
full term, and delivery was normal. During 
the first 48 hours, a frothy bloody mucus 
came from the mouth and nares, and many 
coarse rales were heard over the chest. The 
temperature was normal. The infant was not 
taking fluids well and attempts to feed him 
seemed useless. He became cyanotic at times 
and a slight jaundice of the cornea appeared. 
Urine and meconium were passed freely. On 
the third day the possibility of an obstruction 
in the esophagus was suspected and the pa- 
tient was sent to the x-ray department for 
examination. 

Roentgen-Ray Findings.—A small soft rub- 
ber catheter was passed through the nose and 
a small amount of a thin barium-milk mixture 
was introduced through it. 

Films were taken before the barium was 
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introduced, which showed an aspiration pneu- 
monia in both upper lobes and some dilatation 
in the region of the esophagus, down to the 
level of the third dorsal vertebra, the shadow 
of which proved to be the level of a tracheo- 
esophageal fistula. A second set of films was 
taken after the barium, showing that it had 
reached the level of the third dorsal vertebra 
and a small amount had been aspirated into 
the lungs. A third set of films was taken at 
the end of 15 minutes, showing that further 
aspiration of the barium had occurred. In the 
last two films a small amount of barium was 
seen to have passed into the stomach. A di- 
agnosis of congenital atresia in the upper third 
of the esophagus, with a tracheo-esophageal 
fistula, was made. The lower two-thirds of 
the esophagus was normal. 


Subsequent Course-——As soon as the diag- 
nosis was established, the question of opera- 
tive interference was considered. On account 
of the poor condition of the infant and the 
100 per cent mortality of these operations, 
surgery was not attempted. Death occurred 
from inanition and aspiration pneumonia on 
March 13. 


An autopsy was secured and Dr. Arthur R. 
Abel’s findings were as follows: 
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“The trachea divides at the usual level into bron- 
chi of normal size and conformation; about 12 
cm. above the bifurcation, the esophagus enters the 
trachea through its posterior wall. The esophagus 
up to the point of union with the trachea appears 
to be normal in size: above the opening of the 
esophagus into the trachea, the former is repre- 
sented by a thin solid strand of tissue extending up 
the posterior wall of the trachea to the level of the 
cricoid cartilage. Here it joins a small blind sac 
which is closely applied to the larynx posteriorly 
and represents the upper portion of the esophagus. 

“The larynx has a normal conformation. Both 
lungs show areas of bronchopneumonia, especially 
the right lower lobe. The heart is normal in size 
and conformation, there being no evidences of a 
persistent ductus arteriosis. The remaining organs 
are normal in every respect.” 


On March 13 further examination of the 
lungs was made after autopsy. A catheter 
was passed through the esophagus from be- 
low upward and a small amount of lipiodol 
was injected. In these films the esophagus 
below the tracheo-esophageal fistula was seen 
to be entirely intact and the junction of the 
esophagus and trachea was well defined. The 
barium which had been aspirated into the 
bronchial trees of both lungs in the previous 
examinations had been expelled. 

Embryologic Considerations.—The esoph- 
agus, trachea, and larynx are developed as 
an outgrowth from the entoderm alimentary 
canal. The first step in the development of 
the pulmonary system is a pouching of the 
ventral wall of the esophagus throughout 
its entire length. This ventral wall or 
groove deepens until its edges finally meet 
and fuse. In this manner, the groove be- 
comes a tube which is separated from the 
esophagus, beginning at the gastric end and 
extending towards the pharynx. This sep- 
aration is not complete, however, until a 
bifurcation takes place, which is the pul- 
monary portion below. The tube above does 
not as yet separate. At first the evagination 
consists of entoderm, but, later, fuses with 
mesoderm. The epithelial lining in the air 
passages springs from entoderm, while the 
basic structures spring from mesoderm. 
The trachea is the elongated stalk of the 
pulmonary system. At an early period two 
dorsoventral ridges appear at the junction 
of the trachea with the esophagus. Ac- 
cording to Kreuter (1), Krauss (2), and 
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Mall (3), interference of mesoderm with 
entoderm at this site would explain these 
abnormalities. 

Congenital malformations of the esopha- 
gus have been classified by Whipham and 
Fagge (4), as follows: 

(A) Congenital absence of the entire 
esophagus; a very rare condition. 

(B) Bifurcation of the esophagus with 
junction of the two portions near the lower 
end; only one case reported. 

(C-1) Congenital atresia in which the 
esophagus is divided into two parts; a type 
most commonly found. The upper end ter- 
minates blindly in a cul-de-sac. The lower 
end opens above into the trachea or one of 
the bronchi, and below in a normal manner 
into the stomach. The two segments are 
connected by a fibrous or muscular cord. 
(C-2) Much more rarely there is no open- 
ing of the lower part into the air passages, 
the two blind ends merely being joined by 
a fibrous band. 

(D) Stricture caused by a fold of the 
mucous membrane projecting into the lu- 
men of the tube like a diaphragm (1) at the 
upper part of the esophagus immediately 
below the pharynx or (2) near the lower 
end. 

(E) Congenital stenosis of the lower 
end of the esophagus. 

The case reported above belongs, there- 
fore, to Group C-1. 

A survey of the literature up to March, 
1930, reveals that 232 cases of congenital 
atresia of the esophagus have been recorded, 
which makes my case number 233. In 
about 70 per cent of the specimens, the up- 
per portion of the esophagus ended in a 
more or less dilated cul-de-sac and the lower 
portion in the stomach normally. The tra- 
cheal fistulas occurred in the region of the 
bifurcation of the main bronchi, a few of 
them of the rarer types. Other abnormalli- 
ties were also noted in the same individuals: 
viz., double uteri, deformities of the pha- 
langes, atresia of the anus, an anomalous 
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right subclavian aorta arising from the de- 
scending aorta, deformities of the right 
hand, thirteen ribs, and abnormalities of the 
heart. 

In the earlier cases, the diagnosis was not 
made until autopsy, while in most of the 
later ones the clinical findings have sug- 
gested the possibility of lesions in the esoph- 
agus. Upon submitting the patient to x-ray 
examination, the diagnosis is easily estab- 


lished. 
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PRE-DELIVERY ROENTGEN DIAG- 
NOSIS OF ANENCEPHALY: 
CASE REPORT 


By SAMUEL BRUCK, M.D., PHILADELPHIA 
Roentgenologist to Jewish, Northeastern, and 
Northern Liberties Hospitals, Philadelphia 


In writing on “The Early Recognition of 
Anencephaly,” Dr. W. O. Weiskotten’ 
states that since 1917 only 18 cases have 
been reported as having been diagnosed by 
the roentgen ray before delivery. I would 
like to add one more case. 

L. K., aged 21, primipara, admitted to 
Jewish Hospital on Feb. 22, 1932, in labor 
at term. Physical examination showed ab- 
domen to be very large for date of preg- 
nancy. Fetal sounds unobtainable. Back of 
fetus appeared to be to the maternal right 
side. There was marked bulging of the up- 
per portion of the uterus. Provisional diag- 
nosis by the obstetrician was twins or hy- 
dramnios. The attending obstetrician could 
not quite determine what the condition was, 
but he thought he was probably dealing with 
an obstructive labor and was considering 


1RapioLtocy, January, 1933, XX, 58. 





rig. 3, 


Lateral view before delivery. 





Fig. 2. Anteroposterior view of still-born monster 
after delivery. 











Fig. 3. 


ster after delivery. 


Lateral view of still-born mon- 


With the hope that the 
x-ray might help to reveal the abnormality, 


Czesarean section. 


immediate examination was ordered. 
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The roentgen report was as_ follows: 
“The skeleton of a fetus is seen in the abdo- 
men, back anteriorly and to the right and 
the head as the presenting part. The pre- 
senting part is very small, not developed. 
The lower jaw bones are clearly outlined 
but the upper portion of the skull is appar- 
ently either missing to a great extent or 
very poorly developed. The entire fetus is 
small for a term pregnancy. 


“Conclusions —There is a monstrosity 
with under-developed or maldeveloped head. 
The fetus is probably not alive. The labor 
is not an obstructive one.” 

In view of this report the obstetrician de- 
cided to wait and the woman delivered her- 
self spontaneously of a still-born monstros- 
ity. 

An x-ray examination of the fetus re- 
vealed the following: ‘“The bones of the 
head show only a normal lower and upper 
jaw. No evidence of any teeth can be seen 
in either jaw. Practically all of the bones 
of the skull are missing. The ribs are nor- 
mal. The bones of the pelvis and of the 

and well 
of the 
shoulder girdles are normal. The bones of 


upper lower extremities are 


formed and normal. The bones 
the fetus show no changes suggesting con- 
genital syphilis.” 

I am adding this as another case diag- 
nosed before delivery. Had it not been for 
the roentgen examination, this patient 
would have been subjected to an entirely 


unnecessary Czesarean section. 
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FALSE ROENTGENOLOGIC 
ECONOMY 


For several years manufacturers have 
been placing on the market different kinds 
of sensitive x-ray paper, to be used in the 
place of x-ray films, with emphasis on their 
economical value. From the reports we 
have received, besides our own experience, 
we doubt whether this sort of paper, as now 
made, can replace celluloid films in roent- 
genographic examinations. However, there 
can be but little doubt that such paper may 
serve usefully in certain types of roentgeno- 
graphic examination; for instance, to de- 
termine whether a fracture remains in good 
position after having been set. We do not 
believe that its use is practical for all types 
of x-ray examinations, in spite of the en- 
thusiastic reports from salesmen. It has not 
the speed of films, is non-transparent, un- 
wieldy to handle, and, most important of 
all, it fails to bring out fine details such as 
x-ray films are capable of showing. In cer- 
tain types of roentgenographic examination, 
if it is relied upon exclusively, harm may 
result. This is particularly true in the diag- 
nosis of early pulmonary tuberculosis. 
Many such cases may easily escape the vigi- 
lant eve of the experienced roentgenologist, 
whereas the same roentgenologist, with de- 
pendable films, would readily observe the 
tuberculous lesion. 

The indiscriminate use of sensitive paper 
in the diagnosis of early pulmonary tuber- 
culosis in children is being advocated by a 
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certain tuberculosis organization of repute, 
as an economical procedure, making it pos- 
sible to examine wholesale, large groups of 
children by means of the x-ray. This ap- 
parent disregard for efficient and accurate 
roentgenographic examination of children’s 
chests, by substituting sensitive paper for 
x-ray films as used the world over, is a de- 
plorable condition and should be frowned 
upon by the radiological profession. 

Our attention has been called to a book- 
let published recently by the National Tu- 
berculosis Association, entitled, “Procedure 
for the Discovery and Cure of Tuberculous 
Children.” In it we find pertinent matter 
relating to the importance of searching for 
tuberculosis among apparently healthy chil- 
dren, utilizing several methods of examina- 
tion, including the roentgen ray. It also em- 
phasizes the necessity for searching the 
families of these children for carriers of tu- 
berculosis. These objectives are most com- 
mendable and will meet with widespread 
approval by the radiologists of this coun- 
try, and we are certain that the National 
Tuberculosis Association may count on our 
co-operation for the consummation of its 
lofty ideals. However, but few radio!ogists 
will agree with the following report of their 
Committee on Protective Care for Tuber- 
culous Children, found in the Association’s 
booklet (pages + and 5). 

“Tn rural areas the portable x-ray appa- 
ratus is a boon. It is not as perfect as the 
standard equipment, but entirely adequate 
for making routine chest pictures of chil- 


dren. 
“A new paper film is now marketed, 
which seems to open up possibilities of x- 


raving more children, because of its low 
cost. The paper film is available in both sin- 
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gle sheets and roll form. The single sheets 
may be used in regular cassettes with tech- 
nic similar to that for celluloid films. The 
efficiency of the films has been checked, with 
the conclusion that, although the celluloid 
film is superior for showing shadows of fine 
detail, the paper films are entirely adequate 
for routine clinic work and for diagnostic 
surveys. A further development in the use 
of paper films has come about through the 
devising of a series of co-ordinated units of 
procedure—typing of identification data on 
a lead-backed card to be photographed di- 
rectly on the film; taking of exposures in 
rapid succession by means of a specially 
designed camera ; development of the film in 
roll form; reading of the film, still in roll 
form, on a specially designed viewing cabi- 
net. This permits taking of x-rays for the 
survey of groups, such as school children, 
at the rate of 150 per hour, and it is possi- 
ble to read and file the films much more 
rapidly than before. The cost varies with 
the number x-rayed, being 75 cents per 
x-ray if 500 or more subjects are supplied 
each day. The machine is transportable and 
the company includes in the price of the x- 
ray the following service—setting up the 
machine, two competent technicians to op- 
erate it, an electric typewriter and typist, 
developing of the rolls of film, and their 
return to the organization conducting the 
project. The viewing cabinet may be rented 
for a nominal sum. This rapid survey 
method has been successfully used by sev- 
eral organizations. The Powers X-ray 
Products, Inc., will give full particulars 
about this method.” 

One of the most unfortunate features of 
the recommendation of the National Tu- 
berculosis Association is the advertisement 
of commercialized medicine. While the wri- 
ter has no cause to question the good faith 
of the firm mentioned, yet he doubts the 
wisdom of the Association’s statement that 
the company “will give full particulars 
about this method,” and, further, “the ef- 
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ficiency of the films has been checked and 
is entirely adequate.” A physician skilled in 
reading roentgen films is the only one who 
can safely make the latter statement—cer- 
tainly not a manufacturing company. 

The Committee admits that celluloid 
x-ray films are superior for showing shad- 
ows of fine detail, but they believe that sen- 
sitive paper is “entirely adequate for routine 
clinic work and for diagnostic surveys.” 
This is a strongly inconsistent statement, 
for in one breath they admit that sensitized 
paper will not produce as fine detail as x-ray 
film (an indispensable factor for the early 
recognition of early tuberculosis), and in 
the next state that the paper is entitrely ade- 
quate for a diagnostic survey. This is an 
admission of economy in conflict with ac- 
curacy. It is not inconceivable that, with 
such dilatory methods, many cases of child- 
hood tuberculosis will escape detection, de- 
feating the very purpose for which the As- 
sociation exists, namely, the control of 
childhood tuberculosis. 

Some may say that this type of roent- 
genographic examination is better than no 
examination, for such a survey would not 
be possible by employing dependable, but 
costly, x-ray films. In answer to this we 
would say that any enterprise undertaken 
to examine the human body should never 
be so derelict in its obligation as to permit 
any but the very best that is possible to give. 
There is nothing more tragic in medicine 
than to give a patient false security result- 
ing from an inaccurate examination. It 
would, perhaps, be a better plan to examine 
fewer children at a time, but have them ex- 
amined thoroughly with proper equipment 
and material by a competent radiologist. 
The survey would no doubt be prolonged, 
but the safety assured would be sufficient 
recompense for the slight loss of time and 
the added expenditure. 

No medical question is more in dispute 
than the interpretation of children’s x-ray 
films of the chest. Radiologists all over the 
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world recognize the fact that it requires the 
ingenuity of an expert to make a correct in- 
terpretation of early pulmonary tuberculo- 
sis in a child, even when using powerful ap- 
paratus and the very best x-ray films. The 
National Tuberculosis Association also rec- 
ommends the use of a portable x-ray appa- 
ratus in its tuberculosis survey. We wonder 
how instantaneous exposures are possible 
with such inadequate apparatus. There is 
no greater need for fast exposure than in 
the examination of children’s chests. This 
is especially true when examining restless 
and crying children, and this, we know by 


experience, occurs not infrequently. Also, - 


there are times when an oblique film and 
also stereoscopic examination are necessary 
to arrive at a definite diagnosis; in such 
instances the patient must be deprived of 
these important agencies, since they can 
scarcely be done with sensitized paper. 

It is unfortunate that such a well-known 
national organization as National Tubercu- 
losis Association will, in its enthusiasm, per- 
mit economy to compete with accuracy 
when human lives are at stake. It fails to 
appreciate that it is helping to destroy the 
very foundation of its organization. 

We should not be oblivious of our obli- 
gation and responsibility to the children, and 
we should never hesitate about giving them 
the benefit of the knowledge and experience 
of modern medicine. 

A continuation of such practices as using 
inadequate apparatus and material in the 
tuberculosis survey of children must even- 
tually result in preventing any further prog- 
ress of the use of the roentgen ray in the 
early diagnosis of tuberculosis in children. 

If the radiologists of the country would 
write the National Tuberculosis Association 
expressing their opinion on this subject, we 
feel confident that this organization, for 
which we have much admiration and re- 
spect, will see the wisdom of changing its 
present attitude, which indicates indiffer- 
ence to an accurate examination, to one of 
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insistence upon exactness, by utilizing prop- 
er and adequate roentgenologic facilities. 





PRESIDENTIAL GREETINGS 


There is not a day in one’s life but he has 
cause to show his gratitude for help re- 
ceived, for encouragement along the way, 
for loyal friends, and sometimes for honors 
heaped upon him. Truly I have just cause 
to return my thanks for the many gracious 
and tangible expressions of real assistance 
and the inspiration given me by my fellow- 
members of this Society, and especially for 
the confidence reposed in me by bestowing 
the highest honor in their power to give. 

May I, then, be privileged to take advan- 
tage of this festive season to return my 
heartfelt thanks to every member, and to 
most sincerely wish that each one will re- 
ceive the richest blessings at this Christmas 
time. I wish for each the best that can be 
given, and I pray that the New Year shall 
indeed prove to be a happy time, full of 
glorious opportunities and achievements. 

For myself, I look upon the New Year 
as a further challenge for real altruistic 
service. This great continent, along with 
all the world, has been going through the 
melting pot. What will be the result? Shall 
we come out refined and pure? Will the 
dross of selfishness and greed be eliminated ? 
Alas, we know too truly that all the world 
will not be purged, but will we not give such 
an example of devotion to the high calling 
of our profession that we will contribute in 
a large measure to the amelioration of all 
the sufferings of humanity? 

There is more than bodily sickness and 
infirmity to be cured. Hearts are burdened, 
spirits are depressed, difficulties are many, 
perplexities are great. But there is a glow 
on the horizon, there is a sign of a brighter 
day. Let us have faith, and steadfastly do 
our part by instilling confidence in place of 
doubt, happiness for despair, peace for dis- 
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quietude. This can be brought to pass if 
the high ideals of hearty co-operation, as 
expressed at our recent conference, are put 
into actual practice by each one of us. 

The true message of Christmas is “giv- 
ing’”’ not “receiving” —“’Tis more blessed to 
give than to receive.’””’ May we then be pre- 
pared, every day in the coming year, to give 
our very best in time and thought and deed 
to spread the cheer for which this world 
waits? Let us put into action that which 
oftentimes is but abstract and platitudinous 
when we say “A Merry Christmas.” 

With all my heart I wish you the happiest 
of times, and my sincerest wishes are ex- 
tended not only to the members and their 
staffs but also to their families and friends. 

And if, perchance, we do not receive, in 
turn, the just recognition of our sacrifices, 
let us be mindful that some day, somewhere, 
we shall do so. 

Others, I doubt not, if not we, 
The issue of our toils shall see; 
And, we forgotten and unknown, 


Young children gather as their own 
The harvest that the dead have sown. 


May a gracious, wise Providence bestow 
on you all that is needful both for yourself 
and others, and again, may I wish you a 
truly Happy Christmas and a Prosperous 
New Year. 

W. Hersert McGurrin, M.D. 





COMMUNICATION 


MINNESOTA RADIOLOGICAL 
SOCIETY 
The Minnesota Radiological Society held 
its Fall meeting at the St. Paul Athletic 
Club, St. Paul, Minnesota, Nov. 11, 1933. 
The following program was presented: 


1. Osteochondritis Juvenilis Deformans 
(Perthes’ Disease): Report of Cases. W. 
L. Burnap, M.D., Fergus Falls. 

2. Observations from a Clinical Tour. 
M. A. Shillington, M.D., St. Paul. 
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3. Pneumonia in Young Infants Asso- 
ciated with the Aspiration of Various Oils. 
Kano Ikeda, M.D., St. Paul. 

4. The Roentgen Diagnosis of Placenta 
Previa. Walter H. Ude, M.D., Minneap- 
olis. 

5. The Improvement of Chest Radiog- 
raphy. R. B. Wilsey, M.A., Rochester, New 
York. 

6. Motion Picture Demonstrating Man- 
ufacture of X-ray Film. L. A. Carlson, St. 
Paul. 

7. The American Registry of Radiolog- 
ical Technicians. George M. Landau, M.D., 
Chicago, Illinois. 

Address: The Value of Ventriculogra- 
phy and Encephalography to the Brain Sur- 
geon. Alfred W. Adson, M.D., Rochester, 
Minnesota. 





BOOK REVIEWS 


AMERIKA UND DIE Mepizin. By Henry E. 
Sicerist, M.D., Professor in Johns Hop- 
kins University, Baltimore. A volume of 
352 pages, 30 illustrations, 2 maps. Pub- 
lished by G. Thieme, Leipzig, Germany, 
1933. Price, 9.60 marks. 


In his eloquent preface the author explains 
that, in view of his engagement at Johns Hop- 
kins, and while still at the University of Leip- 
zig he began this book, in order that he might 
write as an alien spectator before entering on 
the practice of his profession in America. It 
is addressed not only to Europeans who have 
but a vague idea of the New World and its 
physicians, but also to American readers who 
may be interested in the impressions of a Eu- 
ropean who has taken pains to learn some- 
thing about the medical history of the nation 
into which he is to be adopted. Medical sci- 
ence, he repeats, knows no national bounda- 
ries. Padua produced Vesalius, gave Harvey 
stimulus, and was finally the home of Mor- 
gagni. After 1700, Leyden, with Boerhaave, 
was the high school of medicine. Then fol- 
lowed Scotland, England, France, Austria, 








BOOK REVIEWS 


and Germany. Almost all the European states 
have had their opportunity. To the historian 
it appears that America’s hour now has 
struck. Why? That the author tells in an or- 
derly and interesting narrative. 

With an historical sketch of primitive 
America and its Indian medicine for a back- 
ground, Sigerist swiftly paints a panorama of 
American medicine beginning with Giles 
Heale, the surgeon of the Mayflower, Wilkin- 
son, Wotton, and Russell of the Virginia col- 
onies, and Thomas Bond, who established the 
Pennsylvania Hospital. Then came John Mor- 
gan, Benjamin Rush, Ephraim McDowell, 
Drake, Beaumont, Gross, Sims, Holmes, 
Mitchell, Billings, Osler, and Welch. Among 
institutions receiving due attention are the 
Johns Hopkins Hospital and School of Medi- 
cine, New York Hospital and Cornell Medical 
School, Columbia-Presbyterian Medical Cen- 
ter in New York, Mayo Clinic, Massachusetts 
General Hospital, and the Rockefeller Insti- 
tutes. All American physicians who can read 
German and who would like to look at Ameri- 
can medicine, especially in its historical as- 
pects, through the eyes of a friendly foreign- 
er, will be entertained by this volume. 


RecENT ADVANcrs IN Rapium. By W. Roy 
Warp, M.B., B.S., M.R.C.S., Medical Di- 
rector and Surgeon to the Radium Institute, 
London, and A. J. Durpen Smitn, M.B., 
B.S., M.R.C.S., Surgeon to the Radium In- 
stitute, London. A volume of 324 pages, 
with 4 colored plates and 140 black-and- 
white illustrations; cloth. P. Blakiston’s 
Son and Co., Inc., Philadelphia. Price, 
$5.00. 


The radium therapist will find this book to 
be most helpful, a distinct aid in solving his 
therapeutic problems and a source of ready 
reference. It contains much valuable material, 
well organized and comprehensively arranged. 
Further, it should have a wide appeal, especial- 
ly to the student of therapeutic radiology, to 
the surgeon and clinician; in fact, to any 
physician interested in the management and 
care of patients with radiosensitive malignant 
and non-malignant conditions. 
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It covers most fully the advances made in 
this novel field of therapy, retaining sufficient 
historical background to make clear the im- 
portance of mastering the art and science of 
radium therapy. The field of the roentgenolo- 
gist is also well presented, demonstrating the 
close relationship between the two methods 
of treatment. Where reliable statistics are 
available the results of surgery and irradiation 
therapy are compared. 

The authors stress the important fact that 
radium is efficient and should find a place in 
the armamentarium of the surgeon. Further, 
it is well established that surgery is a useful 
adjunct to radium therapy. Though these pro- 
cedures may be employed alone, much better 
results will be obtained when the surgeon and 
radiologist co-operate most fully in order to 
plan for the maximal benefit to be had in the 
case under consideration. Individual manage- 
ment will always give the best result. 

The technic as employed at the Radium In- 
stitute, London, is clearly presented, with 
statistics of malignant disease as it occurs in 
England, together with methods and opinions 
of other recognized Continental and American 
clinics as well as of independent workers who 
are employing standardized technic. The 
method is presented in three parts. Part I is 
divided into eight chapters, presenting the gen- 
eral considerations, physics, action of radia- 
tion, radiosensitivity, dosage, radium appa- 
ratus, protective measures, and mass radia- 
tion. The main part (Part II) deals entirely 
with malignant disease and contains ten chap- 
ters dealing with carcinoma of the breast, 
uterus, tongue, lip, cheek, palate, tonsil, lower 
jaw, upper jaw, antrum, larynx, pharynx, 
esophagus, rectum, anus, skin, penis, vulva, 
bladder, prostate gland, and eye. Part III 
deals with non-malignant conditions—papil- 
loma, hyperkeratosis, keloids, lupus, angioma, 
tuberculous adenitis, leukemia, lymphadenoma, 
and uterine hemorrhage. The subject matter 
for each part shows careful selection and 
readily emphasizes the improvement and 
progress made in that particular branch of 
irradiation therapy. 

Dr. Ward and Dr. Smith have written this 
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book in an unusually easy-to-read and instruc- 
tive style. The physician who is approaching 
the subject for the first time and the experi- 
enced irradiation therapist alike will find this 


volume to be a cherished addition to his li- 
brary, for it can not fail to give the reader a 
better understanding and lead to wider inter- 
est in radium therapy. 





ANNOUNCEMENT 


Beginning January, 1934, the Radiologi- 
cal Society of North America will furnish 
six free cuts for each illustrated paper read 
before the American Congress of Radiol- 
ogy, in Chicago, Sept. 25-30, 1933; also for 
such papers as shall be contributed and ac- 
cepted by the Editor after Jan. 1, 1934. It 
is appreciated that this will be welcome 
news to the authors who contribute to 
RapIoLocy, and it gives sincere pleasure to 
the Editor and officers to be able to make 
this announcement. During the period of 
financial hardship our contributors have, al- 


most to a man, loyally borne the expense 
of their own illustrations, thus helping the 
Society to keep its Journal functioning, as 
it could not have done without their aid. 

As to reprints, the Society desires to an- 
nounce that it will furnish upon request 50 
reprints free (without covers or envelopes) 
to authors of papers either read before the 
Congress or accepted for publication after 
Jan. 1, 1934. The Society is unable to ex- 
tend these free features to papers read be- 
fore previous annual meetings or sent as 
contributions previous to the above-men- 
tioned date. Cuts in excess of 6 and reprints 
in excess of 50 will be billed to the author. 














INDEX TO VOLUME XX] 


SUBJECTS: 


ABDOMEN, roentgenography 
Diagnosis of extra-gastro-intestinal abdominal 
masses, L. G. Rigler, 229. 
ABSCESS, roentgenography 


Use of thorium dioxide in diagnosis of liver 
abscess (ab.), R. J. Reeves and E. D. Apple, 
304. 


ACID, effects 
Disc. of F. C. Christensen, 
Lungs (Doub). 
ACNE, roentgentherapy 
Acne vulgaris from radiologic standpoint, B. H. 
Sherman, 465. 
ACTINOMYCOSIS 
Primary actinomycosis of stomach: 
case (ab.), A. W. Blain, 409. 
ALKALOSIS 
Relation of alkalosis to peptic ulcer (ab.), H. 
Rafsky, L. Schwartz, and A. W. Kruger, 
AMPULLA OF VATER. See Vater’s ampulla. 


AMYLOIDOSIS 


Liver meal in treatment of amyloidosis in surgi- 
cal tuberculosis (ab.), B. H. Whitbeck, 102. 


ANENCEPHALY. See Monsters, 


112. See 


under 


report of 


cephalic. 


ANEURYSM, aortic 


Heart in pulmonary tuberculosis: roentgeno- 
logic consideration, E. A. Schmidt, 167. 


ANGIOPNEUMOGRAPHY 


Angiopneumography, E. Conte and A. Costa, 
461. 


ANIMAL EXPERIMENTATION 
Behavior of reticulo-endothelial system in irra- 
diated tumor animals (ab.), A. Calo, 507. 
Effect of irradiation on ovary of striped gopher 
(Spermophiles cittelus tridecemlineatus), F. A. 
Ford, 


Effect of roentgen rays on carbohydrate metab- 
olism of normal animal tissues (ab.), T. UIl- 
mann, 98. 

Effect of roentgen rays on mineral metabolism 
of multiple implanted sarcoma of white rat 
(ab.) L. Kluge and H. G. Zwerg, 507. 

Effect of roentgen rays on time of first cleavage 
in marine invertebrate eggs: II. Differential 
recovery and influence when different meth- 
ods of exposure are used, P. S. Henshaw, 
C. T. Henshaw, and D. S. Francis, 533. 


Experimental studies as to influence of nutri- 
tion on radiosensitivity of animal tissue (ab.), 
E. Uhlmann, 507. 

Experimental studies as to question of biologic 
effect of roentgen rays (ab.), A. Low-Beer, 
507. 





1A number in parentheses following the folio indicates 
that on that page is to be found a special reference to the 
indexed subject. 
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Immunitory fall in bactericidal power of blood 
for Eberth’s bacillus in rabbits treated with 
roentgen rays (ab.), L. Angelo, 506. 

Pathogenesis of acute silicosis, R. Pomeranz, 
556 (563). 

Roentgenologic demonstrations of human brain 
in living subject (ab.), 305. 

Whole animal exposures to highly filtered 
gamma rays, W. G. Whitman, 265. 

AORTA, COARCTATION 

Coarctation of aorta, with report of 3 cases 

(ab.), G. F. Strong, 308 
Roentgenography 

Status and clinical application of roentgenology 

of thoracic aorta (ab.), J. Sproull, 308. 
APPENDICITIS 

Ectopy of cecum: clinical and radiologic gastro- 
duodenal syndrome of subhepatic appendicitis 
(ab.), M. Santoro, 307. 

Roentgen-ray diagnosis of inflammatory disease 
of appendix, J. C. Bell, 

APPENDIX, roentgenography 

Radiologic exploration of appendix (ab.), S. 

Kadrnka and R. Sarasin, 307. 
ARTHRITIS 

Recent advances in x-ray treatment of asthma 
and rheumatism (ab.), S. G. Scott, 202. 

Some applications of physical therapy in medi- 
cine, L. J. Gelber, 274. 

Deformans 

Pseudo-fractures in arthritis deformans of hip 

(ab.), A. Herzog, 303. 
ASTHMA, roentgentherapy 

Recent advances in x-ray treatment of asthma 

and rheumatism (ab.), S. G. Scott, 202. 
BILIARY TRACT 

Estimating risk of operations on biliary tract by 
testing excretory function of liver, E. A. Gra- 
ham, 191. 


Fistula P E 
Internal fistula of biliary tract (ab.), R. Prévot, 


BIOGRAPHIES 
Well known Southern editor (Sidney C. Bar- 
row), 93. 
Past-President Byron H. Jackson, 407. 


BLADDER, tumors 


Bladder tumor: observations on 150 cases (ab.), 
G. G. Smith and E. R. Mintz, 509. 


BLASTOMYCOSIS 
Blastomycosis of gingiva and jaw (ab.), A. 
Crich, 


BLOOD, sugar 
Carbohydrate metabolism in patients with toxic 
goiter and alterations under influence of 
roentgentherapy (ab.), E. N. Mojarowa, 510. 
Case of hypoglycemia treated by radiation, with 
benefit, S. C. Barrow, 296. 
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BONES, cancer 
Results of irradiation in treatment of —, 
osteogenic sarcoma of long bones, W. B. Co- 
ley, 318. 


Diseases 
Fragilitas ossium and blue sclerotics (ab.), 
H. S. Sharpe, 303. 
Osteitis deformans, Paget (ab.), Bachmann, 203. 


Growth 
Surgical stimulation of bone growth by new 
procedure: preliminary report (ab.), A. B. 
Ferguson, 203. 


Marrow 
Unusual disease of bone marrow (osseomyelo- 
dysplasia) (ab.), C. G. Grulee, C. W. Apfel- 
bach, and R. E. LeMaster, 203. 


Roentgenography 
Lead poisoning in children (ab.), H. S. Mitchell, 
303. 


Tumors 

Giant-cell bone tumor: some considerations of 
treatment, C. B. Peirce, 348. 

Observation in preliminary study of tumor his- 
<< and bone metastases, E. E. Downs and 
W. S. Hastings, 76. 

BOOK REVIEWS 

Ascoli, M., and Lucacer, M., Le Pneumothorax 
Bilaté-al Simultaneous (Pneumothorax, Bi- 
lateral, Simultaneous), 94. 

Buckstein, Jacob, Peptic Ulcer: Clinical Roent- 
genology, with Case Histories, 300. 

Davis, Loyal, Intracranial Tumors Roentgeno- 
logically Considered, 

Knothe, Werner, Die Dickdarmschleimhaut, ihre 
normale und pathologische Funktion im Ront- 
genbilde, 94. 

Laquerriére, A., and Léonard, D., Courants de 
Haute Fréquence en Gynécologie (High Fre- 
quency Currents in Gynecology), 301. 

Léonard, D., with Laquerriére, A., jt. auth. 

Logie, H. B. (editor), Standard Classified No- 
menclature of Disease, 300. 

Lower, William E., and Nichols, Bernard H., 
Roentgenographic Studies of Urinary System, 
301. 


Lucacer, M., with Ascoli, M., jt. auth. 

Nichols, Bernard H., with Lower, William E., 
jt. auth. 

Sergent, Emile, Les Réveils de la Tuberculose 
Pulmonaire chez ]’Adulte: Conditions de leur 
Polymorphisme Anatomo-clinique (Awak- 
ening of Pulmonary Tuberculosis in Adult), 


Sigerist, Henry E., Amerika und die Medizin, 594. 

Smith, A. J. Durden, with Ward, W. Roy, jt. 
auth. 

Ward, W. Roy, and Smith, A. J. Durden, Recent 
Advances in Radium, 595. 

BRAIN, abscess 

Brain abscess resulting from aural and sinus 

infections, C. C. Coleman, 59. 


Roentgenography 
Encephalography: review of 113 cases, and re- 
port of postmortem studies on injection of 
air, R. S. Stone and O. W. Jones, 411. 
Roentgenologic demonstrations of human brain 
in living subject (ab.), 305. 


Tumors 
Roentgenology as aid in diagnosis and locali- 
zation of brain tumors (ab.), B. A. Moxness, 


BREAST, cancer 


Methods of roentgen treatment in carcinoma of 
breast: report of 210 cases, E. A. May, 420. 

Radiological concept of treatment of cancer of 
breast (ed.), A. Soiland, 498. 

Treatment by radiation of cancer of skin, lip, 
and breast: end-results 3 years later of cases 
presented in 1929, B. Hunt, 384. 

Treatment of carcinoma of breast by radium 
emanation (ab.), H. S. Souttar, 204. 


BRONCHI, roentgenology 


Bronchography aid to roentgenologist, L. G. 
Allen, 79. 


BRONCHIECTASIS 


Bronchography aid to roentgenologist, L. G. 
Allen, 79. 


BRONCHOGRAPHY 


3ronchography aid to roentgenologist, L. G. 
Allen, 79 


CALCULI 


Pancreatic lithiasis (ed.), 


CANCER, adenocarcinoma 


Roentgen treatment of benign and malignant 
lesions of prostate, L. E. Schmidt, T. P. 
Grauer, and E. L. Jenkinson, 521. 


Diagnosis 
Carcinoma of male urethra (ab.), R. H. Bog- 
gon, 509. 
Thoracic surgeon and radiological co-worker, 
W. A. Hudson, 283 (285). 


Nevus-cell 
Primary malignant tumors of foot: report of 
37 cases, B. F. Schreiner and W. H. Wehr, 
513. 


Therapy 
Cancer patient and his disease, M. J. Sittenfield, 
3. 


Carcinoma of lip (ab.), R. Stewart-Harrison, 
205. 

Effect of radiation technic and early diagnosis 
of carcinoma of uterine cervix on five-year 
good end-results: study based on 488 primary 
cases, H. Schmitz, 311. 

Methods of roentgen treatment in carcinoma of 
breast: report of 210 cases, E. A. May, 420. 

Preliminary experience in cancer therapy with 
extremely hard roentgen rays (ab.), E. v. 
Schubert, 204. 

Radiation therapy of uterine cancer at Wom- 
en’s Clinic, University of Heidelberg (ab.), 
F. G. Dietel, 506. 

Radiological concept of treatment of cancer of 
breast (ed.), A. Soiland, 498. 

Radium implantation in certain growths of 
hypopharynx, D. Quick, 114. 

Treatment by radiation of cancer of skin, lip, 
and breast: end-results 3 years later of cases 
presented in 1929, B. Hunt, 384. 


Treatment of carcinoma of breast by radium 
emanation (ab.), H. S. Souttar, 204. 
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CECUM 
Ectopy of cecum: clinical and radiologic gastro- 


duodenal syndrome of subhepatic appendicitis 
(ab.), M. Santoro, 307. 


CHILDREN, diseases 

Case of hydro-accessory-ureter in child of 10 
years (ab.), G. G. Bruce, 508. 

Congenital vesical neck obstruction in female 
child, due to cup-valve formation: open 
operation: complete recovery (ab.), A. Harris, 
509. 

Lead poisoning in children (ab.), H. S. Mitchell, 

( 


Roentgenologic examination of digestive tracts 
of infants and children, L. T. LeWald, 221. 


Study of motor phenomenon of mediastinum in 
infants and children, with particular reference 
to hyperplasia of thymus, C. K. Hasley, 477. 


CHOLECYSTOGRAPHY 

Cholecystography: clinical evaluation: study of 
2,070 cases (ab.), A. N. Ferguson and W. L. 
Palmer, 508. 

Decholin-sodium in  cholecystography, I. R. 
Jankelson and W. S. Altman, 48. 

Estimating risk of operations on biliary tract 
by testing excretory function of liver, E. A. 
Graham, 191 

Practical application 
Hauser, 472. 

Value of functional gall-bladder (iodeikon) 
test, as checked by operative findings in 70 
cases, L. J. Carter, 37. 


COLON, abnormalities 


Congenital non-rotation of colon, with case re- 
port, M. Golob, 277. 


Lipoma 
Ulcer in thoracic stomach: very small benign 
gastric tumors: lymphogranulomatosis of 
stomach: unusual prestenotic appearance of 
small intestine: lipomas of colon (ab.), 
T. Barsony and E. Koppenstein, 103. 


of cholecystography, H. 


CONTRAST MEDIA 

Angiopneumography, E. 
461. 

Bronchography aid to roentgenologist, L. G. 
Allen, 79. 

Can intravenous injection of thorium dioxide 
be recommended as safe diagnostic agent? 
(ed.), 88. 

Death after thorotrast injections (ab.), C. Fer- 
vers, 205. 

Decholin-sodium in cholecystography, I. R. 
Jankelson and W. S. Altman, 448. 

Diagnosis of extra-gastro-intestinal abdominal 
masses, L. G. Rigler, 229. 

Hepatolienography with thorotrast 
Vajano, 206. 

New contrast medium for use in uterosalping- 
ography: preliminary report, T. Neustaedter, 
D. E. Ehrlich, J. C. DuBois, and G. R. Bla- 
lock, 568. 

Practical application of cholecystography, H. 
Hauser, 472. 

Roentgen visualization of liver and spleen with 
thorium dioxide sol, with particular reference 


Conte and A. Costa, 


(ab); D. 
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to pre-operative diagnosis of carcinomatous 
metastases to liver (ab.), L. G. Ericksen and 
L. G. Rigler, 304. 

Roentgenologic diagnosis of rupture of liver 
and spleen as visualized by thorotrast, J. F. 
Burke and J. P. Madigan, 580. 

Thorotrast: new contrast medium for radiolog- 
ical diagnosis (ab.), W. H. Dickson, 304. 

Use of thorium dioxide in diagnosis of liver 
abscess (ab.), R. J. Reeves and E. D. Apple, 
304. 

CYSTS 

Diagnosis of extra-gastro-intestinal abdominal 

masses, L. G. Rigler, 229 (233, 234). 
DERMATITIS, physiotherapy 

Role of physical therapy in treatment of precan- 
cerous and cancerous dermatoses (ab.), J. J. 
Eller, 511. 

DERMATOLOGY, actinotherapy 


Some applications of physical therapy in medi- 
cine, L. J. Gelber, 274. 


DIAPHRAGM, PARALYSIS. See under Paralysis, phrenic. 


DIATHERMY 


Some applications of physical therapy in medi- 
cine, L. J. Gelber, 274. 


DIET 

Dermatoscopic findings in light reactions of skin 
under influence of Sauerbruch-Herrmanns- 
dorfer-Gersonscher (S. H. G.) diet (ab.), M. 
Popper, 410. 

Experimental studies as to influence of nutrition 
on radiosensitivity of animal tissue (ab)., E. 
Uhlmann, 507. 


Roentgen studies of patients with gastro-intes- 
tinal food allergy (ab.), A. H. Rowe, 307. 


DIGESTIVE TRACT, CANCER 
Economic crisis and cancer of digestive tract 


(ab.), 204. 


DIPHTHERIA, tracheobronchial 
Roentgenography of active bronchopulmonary 
diphtheria in adults, N. Toomey, 130. 


DROSOPHILA EGGS 
Changes in susceptibility of Drosophila eggs to 
x-rays: I. Correlation of changes in radio- 
sensitivity with stages in development, P. S. 
Henshaw and C. T. Henshaw, 239. 


DUODENUM 
Physiologic interpretation of duodenal motility, 


N. S. Zeitlin, 337. 


Diverticula 
Diverticula of duodenum, W. H. Gibbon, 491. 
Roentgenologic significance of filling of ampulla 
of Vater, J. Friedenwald and M. Feldman, 
162. 


ECHINOCOCCOSIS 
Contribution to radiologic diagnosis of atypical 
findings in hydatid cyst of lungs (ab.), T. B. 

Melazzi, 506. 


EDUCATION 
Problems in certification of radiologists (ed.), 
O. N. Andersen, 404. 
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ELBOW 
Examination of elbows of tennis players (ab.), 
W. Knoll, 309. 
EMOTIONS 
Economic crisis and cancer of digestive tract 
(ab.), 204. 
EMPHYSEMA 
Non-obstructive emphysema (ab.), W. B. 
Kountz and H. L. Alexander, 205. 
Pulmonary emphysema associated with arrested 
pulmonary tuberculosis, K. Dunham, 207. 
ENCEPHALOGRAPHY. See Brain, roentgenography. 


ESOPHAGUS, abnormalities 
Case of congenital atresia of upper end of 


esophagus, with tracheo-esophageal fistula, 
G. S. Reitter, 587. 
EXOSTOSES 


Contribution to hereditary factors in_multiple 
cartilaginous exostoses (ab.), H. Kirchhoff, 
309. 


FEMUR, fractures 


Circulation of head and neck of femur: relation 
to non-union in fractures of femoral neck 


(ab.), W. E. Wolcott, 408. 


Pellegrini-Stieda’s disease 
Pellegrini-Stieda’s disease: report of one case 
surgically treated (ab.), J. Kulowski, 202. 


FETUS, roentgenography 
Contribution to roentgenologic measurement of 
pelvis and fetal head in utero (ab.), S. Rib- 
bing, 98. 
FILMS, interpretation 
New suggestion for studying x-ray films, O. W. 
Bethea, 194. 


Material 
Replacement of roentgen films by roentgen 
paper (ab.), A. Adam and K. Greineder, 202. 
False roentgenologic economy (ed.), 591. 
FINGERS AND TOES 


Regeneration of distal phalanx (ab.), L. H. 
McKim, 309. 


FISTULA, duodenocolic 
Duodenocolic fistula, with incompetent sphincter 
of Oddi (ab.), C. E. Rees, 307. 
Tracheo-esophageal 
Case of congenital atresia of upper end of 
esophagus, with tracheo-bronchial fistula, G. S. 
Reitter, 587. 
FOOT, tumors 


Primary malignant tumors of foot: report of 
ae B. F. Schreiner and W. H. Wehr, 


FOREIGN BODIES, in air and food passages 
Foreign body in duodenum: report of case and 
method of removal (ab.), S. W. Raymond, 
306. 


Foreign body in mediastinum; esophagoscopic 
removal under  roentgenoscopic guidance 
(ab.), H. J. Moersch and B. R. Kirklin, 306. 

Open safety pin in stomach of two-months-old 
baby (ab.), H. Otten, 306. 

Thoracic surgeon and radiological co-worker, 
W. A. Hudson, 283 (288). 
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FRACTURES 
Circulation of head and neck of femur: relation 
to non-union in fractures of femoral neck 
(ab.), W. E. Wolcott, 408. 
Fragilitas ossium and blue sclerotics 
H. S. Sharpe, 303. 


Pseudo-fractures in arthritis deformans of hip 
(ab.), A. Herzog, 303. 


Physical therapy 
Some applications of physical therapy in medi- 
cine, L. J. Gelber, 274. 
Radiotherapy 


Effect of hard and soft radiations on forma- 
Sy of osseous callus (ab.), M. Lambranzi, 


(ab.), 


FUNGI 
Treatment of superficial fungus infections with 
long wave length roentgen rays (Grenz 
rays): further observations, M. Dorne and C. 
White, 185. 


GALL BLADDER 


Diagnosis of extra-gastro-intestinal abdominal 
masses, L. G. Rigler, 229 (233). 


Roentgenography 

Cholecystography: clinical evaluation: study of 
2,070 cases (ab.), A. N. Ferguson and W. L. 
Palmer, 508. 

Decholin-sodium in cholecystography, I. R. 
Jankelson and W. S. Altman, 448 

Estimating risk of operations on biliary tract 
by testing excretory function of liver, E. A. 
Graham, 191 

Practical application of cholecystography, H. 
Hauser, 472. 

Value of functional gall-bladder (iodeikon) 
test, as checked by operative findings in 70 
cases, L. J. Carter, 37. 


GASES, noxious ; : . 
Pulmonary changes from inhalation of noxious 
gases, H. P. Doub, 105. 


GASTRO-INTESTINAL TRACT 


Gastric motility as influenced by paralysis of 
diaphragm, A. J. Hruby and M. Joannides, 49. 


Abnormalities 
Congenital non-rotation of colon, with case 
report, M. Golob, 277. 


Diagnosis 

Diagnosis of extra-gastro-intestinal abdominal 
masses, L. G. Rigler, 

Ulcer in thoracic stomach: very small benign 
gastric tumors: lymphogranulomatosis of 
stomach; unusual prestenotic appearance of 
small intestine: lipomas of colon (ab.), 
T. Barsony and E. Koppenstein, 103. 


Diseases 
Chronic lymphatic leukemia involving gastro- 
intestinal tract, C. H. Mead, 351. 


Motility 


Physiologic interpretation of duodenal motility, 
N. S. Zeitlin, 337. 


Roentgenography 
Diverticula of duodenum, W. H. Gibbon, 491. 
Roentgenologic examination of digestive tracts 
of infants and children, L. T. LeWald, 221. 
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Roentgenologic significance of filling of ampulla 
A Vater, J. Friedenwald and M. Feldman, 
62. 


Seriographic study of ileocecal region and of 
Stierlin’s phenomenon (ab.), P. Perona, 508. 


Some applications of physical therapy in medi- 
cine, L. J. Gelber, 274. 
GENITALS, tuberculosis 


Question of roentgen therapy in tuberculosis 
of female genital organs (ab.), H. Dworzak, 
101. 


Treatment of tuberculosis of female genital or- 
gans (ab.), F. Gal, 101. 
GENITO-URINARY TRACT 
Perirenal hydronephrosis: case report in infant 
of 7 months (ab.), M. F. Campbell, 510. 
Diagnosis 
Congenital vesical neck obstruction in female 
child, due to cup-valve formation: open opera- 
tion: complete recovery (ab.), A. Harris, 509. 
Diseases 
Painful lumbo-ischialgic syndromes and changes 
in urinary tract (ab.), M. Buisson, 508. 
GOITER, exophthalmic 
Carbohydrate metabolism in patients with toxic 
goiter and alterations under influence of 
roentgentherapy (ab.), E. N. Mojarowa, 510. 
GRENZ RAYS 
Investigations concerning sensitization to Grenz 
rays (ab.), C. Carrié, 510. 
Treatment of superficial fungus infections with 
long wave length roentgen rays (Grenz rays) : 
eal observations, M. Dorne and C. White, 


GROWTH, experimental studies 
Effect of x-rays on Vitamin B content of wheat 
seedlings, K. Sugiura, 438. 
GUMS 
Blastomycosis of gingiva and jaw (ab.), A. 
Crich, 205. 
GYNECOLOGY, physical therapy 
Some applications of physical therapy in medi- 
cine, L. J. Gelber, 274. 
HEART 
Coarctation of aorta, with report of 3 cases 


(ab.), G. F. Strong, 308. 


Heart in pulmonary tuberculosis: roentgenologic 
consideration, E. A. Schmidt, 167. 


New sign of pericardial effusion (ab.), E. 
Moschcowitz, 308. 

Roentgenographic studies of right ventricle 
(ab.), G. Nemet and J. B. Schwedel, 308. 


Status and clinical application of roentgenology 
of thoracic aorta (ab.), J. Sproull, 308. 
Sound film 
Roentgen sound film (ab.), 96. 


HEMOPHILIA 
Hemophilia (ab.), C. L. Birch, 96. 


HIP JOINT 


Pseudo-fractures in arthritis deformans of hip 
(ab.), A. Herzog, 303. 


HYDATID CYST. See Echinococcosis. 
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HYPERGLYCEMIA. See Blood, sugar. 


HYPERTHYROIDISM, therapy 

Treatment by radiation of cancer of skin, lip, 
and breast: end-results 3 years later of cases 
presented in 1929, B. Hunt, 384. 

HY POPHARYNX 

Radium implantation in certain growths of hy- 
popharynx, D. Quick, 114. 

— AND OCCUPATIONS, diseases and poison- 

Pneumoconiosis of porcelain workers (ab.), L. 
Holst, 304. 

INFANTS, diseases 

Perirenal hydronephrosis: case report in infant 
of 7 months (ab.), M. F. Campbell, 510. 

Roentgenologic examination of digestive tracts 
of infants and children, L. T. LeWald, 221. 

Study of motor phenomenon of mediastinum in 
infants and children, with particular reference 
to hyperplasia of thymus, C. K. Hasley, 477. 

JAWS 

Blastomycosis of gingiva and jaw (ab.), A. 

Crich, 205. 
KIDNEY, roentgenography 

Pyelography in injuries to kidney (ab.), H. C. 

Rolnick, 510. 
KNEE 

Chondromalacia of patella: fissual cartilage de- 
generation; traumatic chondropathy: report of 
3 cases (ab.), J. Kulowski, 309. 

LARYNX, tuberculosis 

New method of light therapy in tuberculosis of 

larynx (ab.), A. J. Cemach, 97. 
LEUKEMIA, lymphatic 

Chronic lymphatic leukemia involving gastro- 

intestinal tract, C. H. Mead, 351. 
LIGHT THERAPY 

Contribution to problem of light dosimetry 
(ab.), R. du Mesnil de Rochemont, 510. 

New method of light therapy in tuberculosis of 
larynx (ab.), A. J. Cemach, 97. 

Some applications of physical therapy in medi- 
cine, L. J. Gelber, 274. 

LIP, cancer 

Carcinoma of lip (ab.), R. 
205. 

Treatment by radiation of cancer of skin, lip, 
and breast; end-results 3 years later of cases 
presented in 1929, B. Hunt, 384. 

LIVER 

Diagnosis of extra-gastro-intestinal abdominal 

masses, L. G. Rigler, 229 (232). 


Stewart-Harrison, 


Abscess 
Use of thorium dioxide in diagnosis of liver 
abscess (ab.), R. J. Reeves and E. D. Apple, 
304. 
Function tests 
Estimating risk of operations on biliary tract 
by testing excretory function of liver, E. A. 
Graham, 191. 
In diet 
Liver meal in treatment of amyloidosis in sur- 
gical tuberculosis (ab.), B. H. Whitbeck, 102. 
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Roentgenography 

Clinical and roentgenologic study of factors in- 
fluencing palpability of liver, C. W. Osgood 
and J. E. Habbe, 66. 

Hepatolienography in Laennec’s cirrhosis (ab.), 
C. C. Ricci, 5i1. 

Roentgen visualization of liver and spleen with 
thorium dioxide sol, with particular reference 
to pre-operative diagnosis of carcinomatous 
metastases to liver (ab.), L. G. Ericksen and 
L. G. Rigler, 304. 


Rupture 
Roentgenologic diagnosis of rupture of liver and 
spleen as visualized by thorotrast, W. F. 
Burke and J. P. Madigan, 580. 


LUNGS 
Pulmonary changes from inhalation of noxious 
gases, H. P. Doub, 105. 


Abscess 
Thoracic surgeon and radiological co-worker, 


W. A. Hudson, 283 (286). 


Cancer 
Thoracic surgeon and radiological co-worker, 
W. A. Hudson, 283 (285). 


Collapse 

Atelectasis as complication of pulmonary tuber- 
culosis, E. A. Gatterdam, 251. 

Atelectasis in pulmonary tuberculosis (ab.), 
B. P. Stivelman, 101. 

Roentgen diagnosis of massive atelectasis of 
lung, J. B. Johnson and C. F. Crain, 388. 
Thoracic surgeon and radiological co-worker, 
W. A. Hudson, 283 (285). 


Cyst 
Contribution to radiologic diagnosis of atypical 
findings in hydatid cyst of lungs (ab.), T. B. 
Melazzi, 506. 


Roentgenography 
Advantages of x-ray examination of chest in 
lateral recumbency, E. Korol and H. A. 

Scott, 46. 


Angiopneumography, E. Conte and A. Costa, 
461. 


Pleural calcification: calcification of entire pari- 
etal pleura, with report of case, H. A. Hill, 
431. 

Some considerations of capillary line in right 
lung (ab.), A. Zuppa, 205. 


LYMPH NODES 


Diagnosis of extra-gastro-intestinal abdominal 
masses, L. G. Rigler, 229 (235). 


LYMPHOGRANULOMA 

Radiotherapy for Hodgkin’s disease and lympho- 
sarcoma (ab.), A. U. Desjardins, 97. 

Ulcer in thoracic stomach: very small benign 
gastric tumors: lymphogranulomatosis of 
stomach: unusual prestenotic appearance of 
small intestine: lipomas of colon (ab.), T 
Barsony and E. Koppenstein, 103. 


MASTOID 
Brain abscess resulting from aural and sinus 
infections, C. C. Coleman, 59. 


Roentgenography 
Early recognition of otitic intracranial com- 
| Me hasoens 3 Bbeion 
plications (ab.), V. V. Wood, 


MEDIASTINUM, roentgenography 
Study of motor phenomenon of mediastinum in 
infants and children, with particular reference 
to hyperplasia of thymus, C. K. Hasley, 477. 


MONSTERS, cephalic 
Pre-delivery roentgen diagnosis of anencephaly : 
case report, S. Bruck, 589. 


NASOPHARYNX 
Radium 7 of nasopharyngeal fibromas 
(ab.), A. S. D’Emidio, 100. 


NEVI, therapy 

Irradiation treatment of red birthmarks: ex- 
periences in over 200 cases (ab.), E. Krom- 
ayer, 97. 

OFFSPRING, effects on 

Case of injury to offspring due to roentgen rays 
(ab.), S. Biro, 99. 

Comparative histology of ovaries in relation to 
question of injury to offspring caused by 
roentgen rays (ab.), R. Dyroff, 31 

Effect of irradiation of ovary on_ striped 
gopher, F. A. Ford, 42 

Genetic foundations of 
(ab.), P. Hertwig, 310. 

Studies as to indications and results of treat- 
ment with small doses of and temporary 
sterilization by roentgen rays: significance for 
offspring: based on clinical material of 
Women’s Clinic, University of Freiburg (ab.), 
D. Jost, 

Studies on children of irradiated mothers (ab.), 
E. Maurer, 511. 

Whole animal exposures to highly 
gamma rays, W. G. Whitman, 265. 

OSTEITIS DEFORMANS 
Osteitis deformans, Paget (ab.), Bachmann, 203. 


OSTEOMYELITIS 


Regeneration of distal phalanx (ab.), L. H. 
McKim, 309. 


OVARY, radiation 
Effect of irradiation on ovary of striped gopher, 
F. A. Ford, 42. 
Tumors 
Dermoid tumor of ovary (ab.), F. Marlow, 511. 


Myomas and ovarian tumors in roentgenogram 
(ab.), G. K. F. Schultze, 104. 


roentgen mutations 


filtered 


PANCREAS 
Diagnosis of extra-gastro-intestinal abdominal 
masses, L. G. Rigler, 229 (234). 
Pancreatic lithiasis (ed.), 195. 


PARALYSIS, phrenic 
Gastric motility as influenced by paralysis of 
diaphragm, A. J. Hruby and M. Joannides, 49. 


PARATHYROID GLANDS 
Thymus and its function (ab.), 100. 


PATELLA 
Chondromalacia of patella: fissual cartilage de- 


generation; traumatic chondropathy: report 
of 3 cases (ab.), J. Kulowski, 309. 
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PELLEGRINI-STIEDA’S DISEASE. See under Femur. 


PELVIS, diseases 


Suprapubic cystotomy and prevention of pelvic 
cellulitis (ab.), L. T. Mann, 


Measurement 

Contribution to roentgenologic measurement of 
pelvis and fetal head in utero (ab.), S. Rib- 
bing, 98 

Roentgen pelvimetry: description of 
method and modification, H. Thoms, 125. 

Thoms’ method of x-ray pelvimetry and cep- 
halometry: discussion of advantages and case 
reports, J. M. Freiheit, 573. 


PEPTIC ULCER 

Barium in free peritoneal cavity (ab.), A. A. 
Bagdassarow and M. J. Neporent, 511. 

Relation of alkalosis to peptic ulcer (ab)., H. A. 
Rafsky, L. Schwartz, and A. W. Kruger, 98. 

Traumatic ulcer of duodenum and_ stomach 
(ab.), B. B. Crohn and J. Gerendasy, 409. 

Ulcer in thoracic stomach: small benign gastric 
tumors: lymphogranulomatosis of stomach: 
unusual prestenotic appearance of small in- 
testine: lipomas of colon (ab.), T. Barsony 
and E. Koppenstein, 103. 


PERICARDIUM, roentgenography 


grid 


New sign of pericardial effusion (ab.), E. 
Moschcowitz, 308. 
PERITONEAL CAVITY 

Barium in free peritoneal cavity (ab.), A. A. 


3agdassarow and M. J. Neporent, 511. 
PETROSITIS. 


PHRENICOTOMY 
Gastric motility as influenced by paralysis of 
diaphragm, A. J. Hruby and M. Joannides, 49. 


PHYSICAL THERAPY 

Apparatus for production of local heat in body 
tissue by means of high frequency electric 
fields, F. W. Bishop, 487. 

Role of physical therapy in treatment of pre- 
cancerous and cancerous dermatoses (ab.), 
J. J. Biter; Sit. 

Some applications of physical therapy in medi- 
cine, L. J. Gelber, 274. 


PLEURA, calcification 


See Temporal bone, diseases. 


Pleural calcification: calcification of entire 
parietal pleura, with report of case, H. A. 
Hill, 431. 


PLEUROPNEUMONITIS, roentgen 
Occurrence of roentgen pleuropneumonitis in 
treatment of breast cancer (ab.), R. H. Fike, 


PNEUMONOCONIOSIS 
Pathogenesis of acute silicosis, R. Pomeranz, 
556. 


Pneumoconiosis of porcelain workers (ab.), L. 
Holst, 304 

Pneumonoconiosis, F. Flinn, 173. 

Presentation of case of  tuberculo-silicosis: 
roentgen, pathologic, and mineralogic findings, 
P. H. Pierson, 395. 

PNEUMOTHORAX 

Atelectasis as complication of pulmonary tuber- 

culosis, E. A. Gatterdam, 251. 
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Thoracic surgeon and radiological co-worker, 
W. A. Hudson, 283 (285). 
POISONS AND POISONING 
Lead poisoning in children (ab.), H. S. Mitchell, 
303. 


Poisoning from drinking radium water (ab.), 
A. O. Getler and C. Norris, 409. 
PREGNANCY, 
Behavior of skin elasticity during pregnancy 
and change following ultra-violet exposure 
(ab.), H. Guthmann, F. Anselm, and H. 
Papenberg, 410. 
PROSTATE 
Problem of prostatism suggested by study of 
100 recent cases (ab.), N. P. Rathbun, 511. 


Suprapubic cystotomy and prevention of pelvic 
cellulitis (ab.), L. T. Mann, 408. 


skin during 


Cancer 

Roentgen treatment of benign and malignant 
lesions of prostate, L. E. Schmidt, T. P 
Grauer, and E. L. Jenkinson, 521. 

Tumors 

Papillary intracystic adenocarcinoma of pros- 
tate and massive benign prostatic cyst (ab.), 
B. S. Barringer, 511. 

PYORRHEA ALVEOLARIS 

Present responsibilities in dental radiography, 

C. O. Simpson, 179. 
RADIATION, effect on cells 

Effect of roentgen rays on carbohydrate metab- 
olism of normal animal tissues (ab.), T. Ull- 
mann, 98. 

Influence of thorium X on human leukocyte 
cultures, with particular consideration of 
effect of benzol (ab.), G. Wallbach, 98. 

Measurement 

Advantages and disadvantages of large chamber 
measuring apparatus, A. K. Merchant, 123 
(125 

Sensitivity to 

Changes in susceptibility of Drosophila eggs to 
x-rays: I. Correlation of changes in radio- 
sensitivity with stages in development, P. S. 
Henshaw and C. T. Henshaw, 239. 

RADIODONTIA 

Present responsibilities in dental radiography. 
C. O. Simpson, 179. 

RADIOLOGICAL SOCIETY OF NORTH AMERICA 

Publicity Committee report, 501. 

RADIOLOGY, practice of 

Problems in certification of radiologists (ed.), 
O. N. Andersen, 404. 

Way out (ed.), W. H. McGuffin, 298. 

RADIUM 

American pioneers in radium therapy, B. G. P. 
Shafiroff, 541. 

Effect of radium on offspring of plant lice 
(ab.), R. Kirschner, 506. 

Fate of radio-active substances in organism fol- 
lowing drinking of water containing radium 
emanation (ab.), A. Fernau and H. Smereker, 


512. 


Poisoning from drinking radium water (ab.), 
A. O. Getler and C. Norris, 409. 
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Question of uniformity in gold implants: nature 
of problem and proposed solution, E. L. Har- 
rington and E. O. Braaten, 495. 

Radium implantation in certain growths of hy- 
popharynx, D. Quick, 114. 

Radium therapy of nasopharyngeal fibromas 
(ab.), A. S. D’Emidio, 100. 

Treatment of carcinoma of breast by radium 
emanation (ab.), H. S. Souttar, 204. 

Treatment of malignant tumors: advantages of 
weak heavily filtered radium needles (ab.), 
C. L. Martin, 99. 

Whole animal exposures to highly filtered 
gamma rays, W. G. Whitman, 265. 


Protection from 
Recommendations of Third International Con- 
gress of Radiology relating to protection from 
x-rays and radium, L. S. Taylor, 212. 


RADON 


Radium implantation in certain growths of hy- 
popharynx, D. Quick, 114. 


RHEUMATISM, therapy 


Recent advances in x-ray treatment of asthma 
and rheumatism (ab.), S. G. Scott, 202. 


RIBS, abnormalities 
Some clinical and radiologic considerations of 
malformation of ribs (ab.), G. Torelli, 512. 


RINGWORM 
Treatment of superficial fungus infections with 
long wave length roentgen rays (Grenz rays) : 
further observations. M. Dorne and C. White, 
185. 


ROENTGENOGRAPHY, serial 
Study of motor phenomenon of mediastinum 
in infants and children, with particular refer- 
ence to hyperplasia of thymus, C. K. Hasley, 
477. 


ROENTGEN RAYS, apparatus 

Advantages and disadvantages of large chamber 
measuring apparatus, A. K. Merchant, 123. 

Improved cassette holder, H. H. Heylmun and 
C. Mayfield, 494. 

Improved method of charting patients for deep 
roentgentherapy, T. P. Loughery and W. R. 
Stecher, 454. 

— in roentgenographic technic (ab.), 


Influence of filtration on surface and depth in- 
tensities of 200 K.V. x-rays, E. H. Quimby 
and L. D. Marinelli, 21. 

New methods for determination of high poten- 
tials and high potential wave forms, P. Kirk- 
patrick, 378. 

Progress in design and manufacture of x-ray 
tubes, M. J. Gross and Z. J. Atlee, 365. 

Replacement of roentgen films by roentgen 
paper (ab.), A. Adam and K. Greineder, 202. 

Rice phantom for depth dose measurements, 
R. T. Pettit and R. S. Landauer, 484. 

Roentgen pelvimetry: description of grid 
method and modification, H. Thoms, 125. 

Roentgen-stereoscopy: review of present status, 
H. A. Jarre, 139. 


Scientific control of radiographic results, C. 
aa S. R. Warren, Jr., and D. B. O’Neill, 
546. 

Selection and care of therapy tubes, D. M. 
Clark, 55. 

Shortcomings of tank development: ways for 


improvement in technic of development (ab.), 
H. Lewin, 303. 


Burns and injuries 

Case of injury to offspring due to roentgen rays 
(ab.), S. Biro, 99 

Comparative histology of ovaries in relation to 
question of injury to offspring caused by 
roentgen rays (ab.), R. Dyroff, 310. 

Effect of irradiation on ovary of striped 
gopher, F. A. Ford, 42. 

Genetic foundations of roentgen mutations 
(ab.), P. Hertwig, 310. 

Occurrence of roentgen pleuropneumonitis in 
treatment of breast cancer (ab.), 

Fike, 99. 

Studies as to indications and results of treat- 
ment with small doses of and temporary 
sterilization by roentgen rays: significance for 
offspring: based on clinical material of 
Women’s Clinic, University of Freiburg (ab.), 
D. Jost, 99. 

Studies on children of irradiated mothers (ab.), 
E. Maurer, 511. 


Deep therapy 
Improved method of charting patients for deep 
roentgentherapy, T. P. Loughery and W. R. 
Stecher, 454. 


Dosage 

Advantages and disadvantages of large cham- 
ber measuring apparatus, A. K. Merchant, 123. 

Changes in susceptibility of Drosophila eggs to 
x-rays: I. Correlation of changes in radio- 
sensitivity with stages in development, P. S. 
Henshaw and C. T. Henshaw, 239. 

Depth dose calculations for super-voltage x-rays, 
M. A. Tuve, 289. 

Influence of filtration on surface and depth in- 
tensities of 200 K.V. x-rays, E. H. Quimby 
and L. D. Marinelli, 21. 

Preliminary experience with protracted frac- 
tional dose method (ab.), G. Herrnheiser, 305. 

Problem of dosage in temporary sterilization by 
irradiation (ab.), T. C. Neeff, 305. 

Rice phantom for depth dose measurements, 
R. T. Pettit and R. S. Landauer, 484. 

Shall we record and report all x-ray dosage in 
roentgens? R. R. Newell, 216. 

Standardization of roentgen dosage by means of 
methylene blue, W. Stenstrom and A. Loh- 
mann, 29. 

Water phantom intensity measurements of 
roentgen rays produced by 127,000 volts (ab.), 
J. L. Weatherwax and C. Robb, 206. 


Effects 
Effect of radium on offspring of plant lice 
(ab.), R. Kirschner, 506. 
Effect of roentgen rays of different wave length 
on biologic objects (ab)., R. Glocker, H. 
Langendorff and A. Reuss, 506. 
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Effect of roentgen rays of different wave lengths 
on biologic objects (ab.), H. and M. Langen- 
dorff and A. Reuss, 507. 

Effect of roentgen rays on time of first cleavage 
in marine invertebrate eggs: II. Differential 
recovery and influence when different methods 
of exposure are used, P. S. Henshaw, C. T. 
Henshaw and D. S. Francis, 533: 

Immunitory fall in bactericidal power of blood 
for Eberth’s bacillus in rabbits treated with 
roentgen rays (ab.), L. Angelo, 506. 

Films 

False roentgenologic economy (ed.), 591. 

New suggestion for studying x-ray films, O. W. 
Bethea, 194. 

Replacement of roentgen films by roentgen 
paper (ab.), A. Adam and K. Greineder, 202. 

Roentgen sound film (ab.), 96. 


Filters 


Influence of filtration on surface and depth 
intensities of 200 K.V. x-rays, E. H. Quimby 
and L. D. Marinelli, 21. 


Industrial application 
Decomposition of benzophenondiazid and few 
other nitrogen compounds under influence of 
roentgen rays (ab.), G. Cronheim, S. Goetzky, 
and P. Gunther, 100. 
Protection from 
Recommendations of Third International Con- 
gress of Radiology relating to protection from 
x-rays and radium, L. S. Taylor, 212. 
Saturation current 
Potentials necessary to produce saturation cur- 
rents in condensers (ab.), H. Hegels, 506. 
Sound film 
Roentgen sound film (ab.), 96. 


Tubes 


Progress in design and manufacture of x-ray 
tubes, M. J. Gross: and Z. J. Atlee, 365. 


Selection and care of therapy tubes, D. M. 
Clark, 55. 
ROENTGENTHERAPY, history 
Priority in therapeutic use of x-rays, 
Grubbé, 156. 
SALIVARY GLANDS, calculi 


Simple maneuver to increase visibility of sali- 
vary calculus in roentgenogram, S. Iglauer, 
297. 


| ae 


SARCOMA, lymphosarcoma 
Radiotherapy for Hodgkin’s disease and lympho- 
sarcoma (ab.), A. U. Desjardins, 97. 
Therapy 
Results of irradiation in treatment of operable 
osteogenic sarcoma of long bones, W. B. 
Coley, 3 
SCLERA, blue 
Fragilitas ossium and blue 
H. S. Sharpe, 303. 
SCLERODERMA 
Radiologic examination of skeleton in sclero- 
derma (ab.), C. Guarini, 506. 
SCREENS, roentgen ray 
Improvement in roentgenographic technic (ab.), 
202. 


sclerotics (ab.), 
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SEMILUNAR BONE, Kienbéch’s disease 
Lunate osteomalacia, or Kienboch’s 
(ab.), W. S. Butler, 203. 
SILICOSIS. See Pneumonoconiosis. 
SINUSES, nasal 
Brain abscess resulting from aural and sinus 
infections, C. C. Coleman, 59. 
Naval accessory sinus diseases clinically and 
roentgenographically correlated, L. W. Dean, 
183. 


disease 


SKIN, cancer 

Treatment by radiation of cancer of skin, lip, 
and breast: end-results 3 years later of cases 
presented in 1929, B. Hunt, 384. 

Diseases 

Acne vulgaris from radiologic standpoint, B. H. 
Sherman, 465. 

Treatment of superficial fungus infections with 
long wave length roentgen rays (Grenz rays) : 
further observations, M. Dorne and C. White, 
185. 

Pigmentation 

Studies on significance of pigment for ultra- 
violet light protection of skin (ab.), G. 
Miescher, 410. 

Reaction to light 

Behavior of skin elasticity during pregnancy and 
change following ultra-violet exposure (ab.), 
H. Guthmann, F. Anselm, and H. Papenberg, 
410. 

Dermatoscopic findings in light reactions of skin 
under influence of Sauerbruch-Herrmanns- 
dorfer-Gersonscher (S. H. G.) diet (ab.), M. 
Popper, 410. 

Therapy 

Effect of combined ultra-violet and roentgen ra- 

diation on skin (ab.), L. Angelo, 100. 
SOCIETIES 

American College of Physicians, 93. 

American Congress of Radiology: Annual meet- 
ing of Society, 90-92, 196, 199, 407 

American Society of Radiographers, 504. 

Cleveland Radiological Society, 504. 

Fourth International Congress of Radiology, 
92, 502. 

Los Angeles County Medical Society, Radiolog- 
ical Section, 198. 

Minnesota Radiological Society, 93, 594. 

Pacific Roentgen Club, 198, 502. 

Recollections of American Congress of Radi- 
ology (ed.), A. Soiland, 407. See also under 
above. 

Third International Congress of Radiology, 
Recommendations of, relating to protection 
from x-rays and radium, L. S. Taylor, 212. 

University of Wisconsin Roentgen Club, 504. 

Wisconsin State Medical Society: Section on 
Radiology, 92. 

SPINE, tuberculosis 

Narrowing of intervertebral disk in early stages 

of Pott’s disease (ab.), D. Perotti, 512. 
SPLEEN 


Diagnosis of en abdominal 
masses, L. G. Rigler, 229 (232 
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Roentgenography 
Roentgen visualization of liver and spleen with 
thorium dioxide sol, with particular reference 
to pre-operative diagnosis of carcinomatous 
metastases to liver (ab.), L. G. Ericksen and 

L. G. Rigler, 304. 


Rupture 
Roentgenologic diagnosis of rupture of liver 
and spleen as visualized by thorotrast, W. F. 
Burke and J. P. Madigan, 580. 


STEREOSCOPY 


Roentgen-stereoscopy : 
A. Jarre, 139. 


STERILIZATION 
Problem of dosage in temporary sterilization by 
irradiation (ab.), T. C. Neeff, 305. 


Temporary sterilization by irradiation and 
human genetics (ab.), H. Luxenburger, 310. 


review of present status, 


STIERLIN’S PHENOMENON. See Gastro-intestinal tract. 


STOMACH, actinomycosis 
Primary actinomycosis of stomach: 
case (ab.), A. W. Blain, 409. 
Cancer 
Total gastrectomy for carcinoma: physiologic 
and chemical studies during period of 2 years 
following operation (ab.), W. Walters, 512. 


report of 


Diseases 
Sacs, pockets, and localized hypertrophy of 
mucosa in post-operative stomach (ab.), R. 
Prévot, 410. 


Hernia 
Ulcer in thoracic stomach: very small benign 
tumors; lymphogranulomatosis of stomach: 
unusual prestenotic appearance of small intes- 
tine: lipomas of colon (ab.), T. Barsony and 
E. Koppenstein, 103. 


Motility 
Gastric motility as influenced by paralysis of 
diaphragm, A. J. Hruby and M. Joannides, 49. 


Roentgenography 
Cystic myoma of ileum, with intestinal hemor- 
rhage (ab.), G. G. Finney, 307. 


SUPRARENALS, tumors 
Tumors of adrenal gland: report of 2 cases of 
paraganglioma of adrenal gland (ab.), J. A. 
Lazarus and A. A. Eisenberg, 102. 


SURGERY 

Cancer patient and his disease, M. J. Sittenfield, 
63 (65). 

Estimating risk of operations on biliary tract by 
testing excretory function of liver, E. A. Gra- 
ham, 191. 

Thoracic surgeon and radiological co-worker, 
W. A. Hudson, 283. 


Electrosurgery 
Some applications of physical therapy in medi- 
cine, L. J. Gelber, 274. 


SYPHILIS 
Advanced osseous syphilis in four-months-old 
infant, F. E. Tracy, 584. 


TEETH, roentgenography 
Present responsibilities in dental radiography, 
C. O. Simpson, 179. 


Roentgenographically negative pulpless teeth as 
foci of infection (ab.), 


TEMPORAL BONE, diseases 
Roentgen demonstration of petrositis (ab.), 
M. J. Geyman and D. M. Clark, 310. 


TESTICLES, tumors 
Malignant testicular tumors (ab.), L. Bollag, 


THORAX, radiation injuries 
Occurrence of roentgen pleuropneumonitis in 
treatment of breast cancer (ab.), 
Fike, 99. 


Roentgenography 
Advantages of x-ray examination of chest in 
lateral recumbency, E. Korol and H. A. 
Scott, 46. 


Tuberculosis 
Heart in pulmonary tuberculosis: roentgen- 
ologic consideration, E. A. Schmidt, 167. 


THYMUS 
Thymus and function (ab.), 100. 


Hypertrophy 
Study of motor phenomenon of mediastinum in 
infants and children, with particular reference 
to hyperplasia of thymus, C. K. Hasley, 477. 


TUBERCULOSIS 

Atelectasis as complication of pulmonary tuber- 
culosis, E. A. Gatterdam, 251. 

Atelectasis in pulmonary tuberculosis (ab.), 
B. P. Stivelman, 101. 

False roentgenologic economy (ed.), 591. 

Heart in pulmonary tuberculosis: roentgenologic 
consideration, E. A. Schmidt, 167. 

Liver meal in treatment of amyloidosis in sur- 
gical tuberculosis (ab.), B. H. Whitbeck, 102. 

New method of light therapy in tuberculosis of 
larynx (ab.), A. J. Cemach, 97. 

Pneumoconiosis of porcelain workers (ab.), L. 
Holst, 304. 

Presentation of case of tuberculo-silicosis: 
roentgen, pathologic, and mineralogic findings, 
P. H. Pierson, 395. 

Pulmonary emphysema associated with arrested 
pulmonary tuberculosis, K. Dunham, 207. 

Pulmonary tuberculosis: roentgenologic applica- 
tion of clinical classification, H. K. Taylor, 
529 

Question of roentgen therapy in tuberculosis of 
female genital organs (ab.), H. Dworzak, 101. 

Roentgenograms of disappearance of large tu- 
berculous cavity in lower lobe (ab.), F. See- 
ber, 304. 

Thoracic surgeon and crc co-worker, 
W. A. Hudson, 283 (285). 

Treatment of tehaweuilade of female genital or- 
gans (ab.), F. Gal, 101. 


TUMORS 
Diagnosis of extra-gastro-intestinal abdominal 
masses, L. G. Rigler, 229. 


Adenocarcinoma 
Papillary intracystic adenocarcinoma of prostate 
and massive benign prostatic cyst (ab.), B. S. 
Barringer, 511. 
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Adenoma 
Roentgenology as aid in diagnosis and localiza- 
tion of brain tumors (ab.), B. A. Moxness, 
102. 
Chondroma 
Contribution to hereditary factors in multiple 
- exostoses (ab.), H. Kirchhoff, 


Dermoid 
Dermoid tumor of ovary (ab.), F. Marlow, 511. 


Epithelioma 
Basal-cell epithelioma: 2 case reports, J. S. 
Derr, 402 
Fibroma 
Radium therapy of nasopharyngeal fibromas 
(ab.), A. S. D’Emidio, 100. 
Giant-cell 
Roentgenologic manifestations of  giant-cell 


tumor (ab.), B. R. Kirklin and C. Moore, 103 


Giant-cell tumors: some _ considerations of 
treatment, C. B. Peirce, 348. 


Lipoma 
Ulcer in thoracic stomach: very small benign 
gastric tumors: lymphogranulomatosis of 
stomach: unusual prestenotic appearance of 
small intestine: lipomas of colon (ab.), T. 
Barsony and E. Koppenstein, 103. 
Melanosarcoma 
Primary malignant tumors of foot: 
37 cases, B. F. Schreiner and W. 
513. 
Metastases 
Observation in preliminary study of tumor his- 
tology and bone metastases, E. E. Downs and 
W. S. Hastings, 76. 
Myoma : 
Myomas and ovarian tumors in roentgenogram 
(ab.), G. K. F. Schultze, 104. 
Cystic myoma of ileum, with intestinal hemor- 
rhage (ab.), G. G. Finney, 307. 
Paraganglioma of adrenal gland 
Tumors of adrenal gland; report of 2 cases of 
paraganglioma of adrenal gland (ab.), J. A. 
Lazarus and A. A. Eisenberg, 102. 


report of 


H. Wehr, 


Squamous-cell epithelioma 
Primary malignant tumors of foot: report of 37 
cases, B. F. Schreiner and W. H. Wehr, 513. 


Therapy 
Comparative studies concerning effect of roent- 
gen and radium rays (ab.), H. Holthusen, 
506. 
Treatment of malignant tumors: advantages of 
weak heavily filtered radium needles (ab.), 
C. L. Martin, 99. 


ULTRA-VIOLET LIGHT 
Behavior of skin elasticity during pregnancy and 
change following ultra-violet exposure (ab.), 
H. Guthmann, F. Anselm, and H. Papenberg, 
410. 


Dermatoscopic findings in light reactions of skin 
under influence of Sauerbruch-Herrmanns- 
dorfer-Gersonscher (S. H. G.) diet (ab.), 
M. Popper, 410. 
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Effect of combined ultra-violet and roentgen 
radiation on skin (ab.), L. Angelo, 100. 

Studies on significance of pigment for ultra- 
violet light protection of skin (ab.), G. 
Miescher, 410. 

Treatment of tuberculosis of female genital 
organs (ab.), F. Gal, 101. 

URETER, tumor 


Primary benign neoplasm of ureter (ab.), G. A. 

B. Walters, 508. 
URETHRA, cancer 

Carcinoma of male urethra (ab.), R. H. Bog- 

gon, 509. 
UTERUS, cancer 

Effect of radiation technic and early diagnosis 
of carcinoma of uterine cervix on five-year 
good end-results: study based on 488 primary 
cases, H. Schmitz, 311. 

Radiation therapy of uterine cancer at Women’s 
Clinic, University of Heidelberg (ab.), F. G. 
Dietel, 506 

Treatment by radiation of cancer of skin, lip, 
and breast: end-results 3 years later of cases 


presented in 1929, B. Hunt, 384. 


Roentgenography 
New contrast medium for use in uterosalping- 
ography: preliminary report, T. Neustzdter, 
D. E. Ehrlich, J. C. Du Bois, and G. R. Bla- 
lock, 568. 


VATER’S AMPULLA 
Roentgenologic significance of filling of ampulla 


of Vater, J. Friedenwald and M. Feldman, 
162. 


VITAMIN B 

Effect of x-rays on Vitamin B content of wheat 
seedlings, K. Sugiura, 438. 
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